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ABSTRACT 
 
The drug d iscovery process has become increasingly complex in comparison to 
early efforts particularly those involving d iseases or conditions that affect large 
numbers of the human population.  It is d ifficult to point d irectly to one factor leading 
evolution of the process but the definition of a mechanism of pharmacological action for 
a drug lead  has noticeably become a higher priority.  This evolution has helped  
d iminish the stigma of natural products and  compound supply issues.  The issue of 
compound supply has also been addressed  to some extent with the emergence of 
recombinant technologies and  new synthetic methodology. 
 
With approximately 60 years of research performed after the development of 
SCUBA, the drug d iscovery opportunities in the sea are still too numerous to count.  
Since the FDA approval of the “d irect-from-the-sea” calcium channel blocker Prialt  
(ziconotide), marine natural products has been validated  as a source for new medicines.  
However, the demand for natural products is extremely high due to the development of 
high-throughput assays and  this bottleneck has created  the need  for an intense focus on 
increasing the rate of isolating and  elucidating new bioactive secondary metabolites. 
 
A cystine-rich peptide asteropusin A (ASPA) was isolated  from the marine 
sponge Asteropus sp . and  its structure determined  by X-ray crystallography and NMR 
spectroscopy.  Administration of ASPA to veratrid ine-stimulated  cerebrocortical neuron 
cells enhances calcium influx but does not modify the oscillation frequency amplitude 
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of the neuronal calcium alone.  Ion channel modulation is an emerging target for drug 
therapy and  the d iscovery of an ion  channel interacting knottin from Porifera 
accompanied  by such high quality spatial details is an uncommon combination. 
 
Improvements made to the isolation of peptide metabolites from marine sponges 
of the Family Theonellidae enables the isolation of significant amounts of potential 
angiogenesis inhibitors like theopapuamide with high purity.  The improvements are 
particularly relevant in future cases where nuisance components like the aurantoside 
dyes can lead  to false indications of cytotoxicity or antifu ngal activity.  The elucidation 
of a new theopapuamide analog by CID-MS from Theonella invaginata ind icates the high 
level of peptide d iversity found within th is Family. 
 
Two functional studies of marine natural products contribute to the 
understanding of their mechanisms of biological activity which can provide insight into 
their future development as drugs. 
 
In the first study, aaptamine was found to possess anxiolytic effects in vivo using 
a chick anxiety model.  A large number of neurological receptors and  enzymes were 
screenedin vitro. In vivo functional challenges were then performed to validate the 
anxiolytic targetamong several putative candidates previously identified  by the in vitro 
studies.  The results of those challenges eliminated  several anxiety linked  receptor 
targets and  indicated  aaptamine as a modulator of monoamine oxidase inhibition 
activity in vivo as an alternative explanation . 
 
The second functional study evaluates new latrunculin B analogs and  their 
correlation of predicted  binding with G-actin to the inhibition of polymerization.  The 
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latrunculins are well-studied  sponge derived  inhibitors of actin polymerization and  the 
results validate a method for in silico prediction activity this cancer drug target.. 
 
Natural products which are isolated  in high yields can imply the absence of a 
utility for humans considering that d iscovery efforts areprimarily focused  on producing 
drug and  agrochemical agents.  However, compounds which are abundant in one 
organism imply an ecological impact that can be studied  for the development of an 
alternative use. 
 
A significant quantity of fragrant oil was obtained  from a Jamaican Plakortis sp . 
by cryo-trap.  The oil was determined  to be exclusively n-decan-2-one.  The antifouling 
character of the oil was evaluated  by its effects on surface attachment of a Gram 
negative bacterial model using confocal fluorescence microscopy as well as its effects on 
the attachment of Dreissena polymorpha (zebra mussel).  The ketone (n-decan-2-one) 
inhibited  attachment of the bacteria and  zebra mussels.  Although the aliphatic ketone 
alone is not a potential commercial alternative for antifouling coatings, incorporating 
the functionality into coating design is a feasible alternative. 
 
The unusual amount of oil extracted  from the imported  fire ant (Solenopsis sp.) 
may be an indication of the presence of oleaginous microorganisms or enzymes 
supporting the d igestion of raw sugars.  Heat of combustion of the ant oil was 133,000 
BTU/ gal, an amount within the range of reported  values for vegetable oil and  biodiesel.  
This investigation offers a unique perspective of a potentially new source of 
microorganisms or enzymes useful for reducing the cost of producing an alternative 
fuel.  
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PART I.  INTRODUCTION 
 
CHAPTER 1.  Marine Natural Products 
 
Adapted  From Bowling, J. J.; Kochanowska, A.J.; Kasanah, N. and  Hamann, 
M.T. (2007) “Nature’s bounty - drug d iscovery from the sea.”  Expert. Opin. Drug 
Discov. 2(11): 1505-22 with permission. 
 
For many outside the field  of natural products chemistry, trad itional medicines 
have generally been associated  with preparations from terrestrial organisms.  In fact, 
some records in Chinese herbal pharmacopeia detail the use of marine seaweeds as far 
as two thousand years ago.1  However, it can be assumed that access to the world’s 
oceans was severely limited , and  consequently the development of medicines from this 
environment was slow.  The generation of global interest in the marine environment 
increased  after the d iscovery of the atypical nucleosides spongourid ine and  
spongothymidine.2  These arabinose-containing nucleosides were credited  with 
inspiring the later development of synthetic reverse-transcriptase inhibitors such as the 
well known drug zidovudine.3   In the 1970’s, the development of SCUBA technology 
and  d iving physiology by the military provided  greater access to the marine 
environment, and  with the help of such pioneers as the late Paul J. Scheuer, Luigi 
Minale, D. John Faulkner, and  Kenneth J. Rinehart the field  of marine natural products 
experienced  rapid  development.  However, after over a half century, the enormity of 
the work ahead  is evident by the estimations of marine species that represent an 
unexplored  ‘biosphere’.4  It was estimated  by Pettit et al. in  19895 that half a percent of 
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the marine organisms had  been evaluated  for antineoplastic constituents; certainly less 
than this number were evaluated  for other metabolic, infectious, neurological, 
card iovascular and  inflammation targets as funding during that time focused  heavily 
on finding cancer treatments.6  Other d isease research has since benefited  from the 
support of federal agencies and  several non-profit organizations effectively expanding 
the range of d isease screening opportunities for new and previously reported  marine 
natural products.   
 
FDA approval of the conesnail peptide toxin ziconotide in December of 2004 has 
created  a considerable interest in marine natural products and  their potential.  Sold  
under the trade name Prialt  (ziconotide) and  used  for the treatment of chronic pain, 
the toxin was the first approved drug sourced  d irectly from a marine organism.  The 
approval of ziconotide highlights a number of similar drug candidates moving 
synchronously through the pipeline.  For example, the recent decision 7 by the European 
Medicines Agency (EMA) to give a positive opinion of the drug Yodelis  (ET743) 
moves it even closer to full approval for use by patients with soft tissue sarcoma in the 
European Union and  would  represent the second marketed  drug to be sourced  d irectly 
from the sea. 
 
Several excellent reviews detail the expanding collection of marine derived  
natural products including their associated  biological activities,8 status in clinical trials,6 
their synthesis,9 and  biosynthesis.10  The pharmacopeia described  in these reviews 
certainly establishes the fact that the seas have been an extremely productive source for 
natural products.  A number of isolated  natural products of marine origin are in clinical 
trials, approved or approaching full approval pending phase III results (Table 1).  
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Table 1.  The status of isolated marine natural products in clinical trials. 
 
 
 
Compoun
d (Class) 
Kahalalide F 
(depsipeptid
e) 
Aplidine 
(depsipeptid
e) 
Bryostatin 1 
(macrocycle) 
ET743 
(isoquinoline) 
Ziconotide 
(polypeptid
e) 
Origin 
Elysia 
rufescens 
Aplidium 
albicans 
Bugula 
neritina 
Ecteinascidia 
turbinata 
Conus spp . 
Sourcing Synthesis Synthesis 
Recollection, 
aquaculture 
Aquaculture, 
synthesis 
Synthesis 
Activity Cytotoxicity Cytotoxicity Cytotoxicity Cytotoxicity Analgesic 
Target 
Cell 
lysosomes11 
JNK 
activation 12 PKC-
13 
Minor Groove 
DNA14 
Neuronal Ca 
channels15 
Status 
and  
references 
Phase II 
various 
cancer16 
Phase II 
various 
cancer17 
Phase II 
cancer 
combination 
therapies18 
Phase II/ III 
Orphan Drug 
Approval19 
Positive 
Opinion EMEA 
2004 
Approval20 
 
A.  Increasing the d iversity of marine derived structures 
 
Because of the ocean’s vast size and  generally limited  accessibility, marine 
chemistry will continue to expand the boundaries of creativity in the general and  
pharmaceutical sciences.  Previous research clearly indicates that the biosynthetic 
pathways and  secondary metabolites d iffer from those isolated  from terrestrial 
organisms.21 Environmental pressures are the primary driving force for this d iversity, 
for example communication between terrestrial organisms requires small primarily 
volatile molecules, while in water signalling molecules can be larger and  more complex, 
as long as they are water soluble.22  Functional groups rarely found in terrestrial species 
like isonitrile, isothiocyanate and  halogenated  moieties occur often in marine natural 
products.23  Marine natural products possess both unique functionalities and  unusual 
Rx 
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carbon skeletons. Some examples of d iversity and  unique structures among marine 
natural products are illustrated  in figure 1. 
 
 
Figure 1.  Diversity and unique structural features of marine-derived compounds.  
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i.  Isolation and  characterization techniques 
 
High-throughput screening in the 1990’s enabled  the biological testing of 
thousands of samples within a short period  of time24 and  this created  a bottleneck effect 
between the assays and  the natural products chemists struggling  to keep up with the 
demand for new compounds.  This situation negatively impacted  the pharmaceutical 
industry’s opinion of natural products at the time but provided  inspiration for 
improvements in the technologies used  for isolation and  structure elucidat ion of natural 
products, primarily focusing on increased  throughput.  High performance liquid  
chromatography (HPLC) coupled  detectors including detection with d iode array 
(HPLC-DAD), electronic circular d ichroism (HPLC-ECD), nuclear magnetic resonance 
(HPLC-NMR), and  mass spectrometry (HPLC-MS) have made it possible to accelerate 
the purification and  characterization of secondary metabolites from natural sources.  
Structure elucidation has become possible even with sub-mg quantities of sample 
thanks to recent developments in NMR technology that include more sensitive probes 
and  higher magnetic fields. Cryoprobes have been an important advance in the 
sensitivity of NMR although the probes are relatively expensive in comparison to 
standard  probes.  By cooling the probe hardware with helium, sensitivity can be 
increased  approximately 4 fold  while insulation maintains the desired  temperature of 
the sample.  Acquiring NMR spectra on extremely limited  amounts of samples is 
becoming routine with either the tube-based 1 mm microprobes or “tubeless” capillary 
NMR (capNMR) probes.  With smaller receiver coil d iameters microprobes use a non -
conventional sample tube that only requires 5 L sample volume, but has been 
sometimes logistically challenging to use.  CapNMR probes are equipped with receiver 
coil wrapped around a capillary-scale flow cell that can be tuned  for d ifferent nuclei.  
The flow cells in such capNMR probes have extremely small solenoid  flow cells and  can 
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be oriented  perpendicular to the magnetic field  provid ing higher intrinsic sensitivity.25  
Automation of the injection of samples into capNMR probes has also reduced  logistical 
issues associated  with trad itional tube-based  NMR probes and  provided  a route to a 
relatively high throughput of routine NMR samples.26 
 
Limitations of HPLC (speed , efficiency, high pressure limit) have been recently 
overcome by introduction of ultra high performance liquid  chromatography (UHPLC).27 
UHPLC instrumentation and  small particle size allow analysis at extremely high 
pressure of up to 1034 bar.28  
 
The coupling of HPLC with highly sensitive spectrometry methods provides 
structural information without time consuming and  laborious purification processes; 
techniques like preparative HPLC-MS became widely utilized  in the pharmaceutical 
industry as a purification method. 
 
Tracking bioactivity in complex mixtures became easier with the development of 
microtitre based  bioassays. After separation by HPLC one portion of extract is 
fractionated  into a 96-well plate while the other part is characterized  by various 
detection methods coupled  to HPLC. The activity profile obtained  from this rapid  
screening is then matched  with the HPLC chromatogram. 
 
Hyphenated  NMR methods offer some significant advances in natural product 
research. The combination of HPLC and NMR enables structure elucidation using small 
amounts of extract and can help avoid  long and  laborious isolation processes.29  NMR 
requires little sample preparation and  with the latest technology (microcoil probes) as 
little as 5 μL of sample is enough to obtain good quality data.29  The combination of 
microcoils with liquid  chromatography results in a highly powerful tool, capillary 
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HPLC-NMR, which enables high-throughput applications. New developments in 
miniaturization, solid  phase extraction (SPE) interfaces and  cryogenic probes will 
continue to improve the sensitivity of HPLC-NMR hyphenated  techniques.29 As 
mentioned  earlier, CapNMR probes are compatible with standard  laboratory microvials 
and  titer plates and  make them suitable for the high -throughput analysis of large 
compound libraries including new natural products.  
 
High resolution mass spectrometry (HRMS) using sensitive analyzers such as 
time-of-flight (TOF) enables fast dereplication of bioactive compounds derived  from 
marine natural sources.  A reliable and  simple dereplication method is essential in order 
to avoid  time consuming and  labour intensive purification of many natural products 
that have been already published .30  Introduction of HPLC/ HRMS techniques 
facilitated  the screening of crude extracts without extensive purification. Molecular 
weight information can be compared  to an existing marine natural product database 
and  after a relatively short time and  using as little as 40 μg of crude extract31 one can 
decide whether the sample should  be purified  further using more comprehensive 
methods.  HPLC/ HRMS can be also used  for the purpose of bioactivity screening. As 
reported  by Davis et al.32 a mixture of compounds is incubated  with target protein and  
the components that bind  to the protein are selected  by using size exclusion 
chromatography. The unbound components are retained  on the column while the 
bound ones are eluted  and  identified  with HPLC/ HRMS. 
 
ii.  Sample collection 
 
Analytical methods for isolation and  purification of active metabolites are 
important but development of sample collection methods d irectly contribute to the 
available species d iversity for research.  SCUBA technology improvements have led  to 
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the development of CCUBA (closed  circuit underwater breathing apparatus) which 
allows the exploration of underwater environments as deep as 150 meters with 
extended bottom time.  This technology led  to a deep water collection of Myrmekioderma 
styx and isolation of more than 30 new sesquiterpenes and  d iterpenes from this 
ind ividual sponge [34].  In addition to CCUBA, nowadays exploration of deep sea 
environments is possible using remotely operating vehicles (ROVs).  It is estimated  that 
50% of Earth’s oceans is deeper than 3000 meters and  ROVs can be u tilized  to reach that 
unexplored  environment, allowing researchers to collect samples from great depths.  
Examples of deep sea organisms that were collected  using ROVs include jellyfish 
Bumpy (Stellamedusa ventana) and the eel-like halosaurs.33  The fact that the collected  
jellyfish represents a new species of large scyphomedusae shows how much there is still 
left to be explored  and  d iscovered  in the deep sea environment.  
 
B.  Addressing the supply issues of marine natural products 
 
Despite their high potency and  unique structural features marine natural 
products have been facing major d ifficulties to fit into the drug d iscovery process.  One 
of the big problems is the supply issue.  The reported  yield  of natural products from 
marine organisms can be as low as 1 mg from 3 kg of organism 6 and  is certain to be 
much less based  on current detection limits.  Most marine natural products under 
clinical investigations are supplied  from chemical synthesis.  The isolation procedures 
are long and  not effective and  natural supplies are not efficient to produce gram 
quantities of a drug.  In general, the natural abundance of source organisms will not 
support development of marine natural products based  on wild  harvest and  massive 
collections of marine invertebrates have serious environmental consequences.  Some of 
the compounds however, are supplied  by large scale isolation from aquaculture 
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organisms and  this method has been applied  to the production of bryostatin 1, 
ecteinascid in-743, avarol, halicondrin, d iscorhabdins and  pseudoterosins.34 
 
Isolation of multi-gram quantities of GMP bryostatin was reported in 1991.35  The 
yield  of this large scale isolation was 10 g from 10,000 gallons of marine bryozoan. 
Purification of crude extract was guided  by HPLC with photodiode array detection and  
3H-PDBu receptor binding assay and  took six steps from crude extract to pure 
compound ready for clinical studies.  One gram of ET743 was obtained  from 1 m etric 
ton of E. turbinata,36 while the same weight of sponge Lissodendroyx sp  yielded  only 300 
mg of halicondrin.37 
 
The complexity of some chemical structures of marine natural products 
represents a major roadblock in the design of economic synthetic routes.  Large scale 
synthesis of nonribosomal peptides is an exception since they can be assembled  from 
amino acid  build ing blocks using strategies of conventional peptide synthesis.  
However peptides can still face high costs due to the presence of unusual amino acids 
that are commonplace in marine natural products.  The anticancer candidates 
kahalalide F,16 aplid ine,17 and  the clinically available zicotinide20 are currently produced 
using synthesis.  Other non-peptide related  compounds have been produced through 
this method at similar costs.  The total synthesis of d iscodermolide was achieved  in 39 
steps and  yielded  60 grams for phase I clinical trial.38  The supply of ET743 for clinical 
trials was produced using a semi-synthetic approach by converting the structurally 
related  cyanosafracin B in 18 steps.39 
 
Another method to overcome the supply issue comes from the d iscovery of 
sponge and  algae associated  bacteria 24 producing active natural products.  This recent 
finding supports culture and  growth in fermentation systems as a viable method to 
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provide a sustainable source of active metabolites of pharmacological interest.  Sponges 
are well known to harbour d iverse microbes and  represent a significant source of 
bioactive natural compounds.  The association betw een micro- and  macro-organisms is 
a prominent feature of any marine ecosystem and it may involve a symbiotic, a specific 
and  permanently associated  but not symbiotic or a commensally d istributed  
microorganism.  Intimate associations between microbes and  eu karyotic hosts are 
common.  Marine animals and  plants are well known to have developed a highly 
specific relationship with numerous microbes.  Marine sponges are a particularly good 
reservoir and  microorganisms can account for more than 60% of the sponge’s  wet 
weight.40  Sponges can contain large and  d iverse bacterial populations as reported  for 
Aplysina aerophobia41 and  Rhopaloides odorabile42.  
 
Through true sponge-microbe symbiosis, sponges may benefit from the 
provision of nutrients, transportation of w aste products or active metabolites, chemical 
defence or contribution to mechanical structure.  Recent studies of microbial 
communities associated  with sponges have resulted  in identification of new marine 
microbes, novel natural compounds and  host specificity.43 
 
According to Hilderbrand et al.,44 there are a number criteria that should  be met 
to prove the symbiotic origin of bioactive metabolites. First, the similarity of chemical 
structure between metabolites from microbes and  marine animals, a few examples of 
structural similarity are shown in Figure 2.  Second, the compounds should  be localized  
in the host.  Third , the associated  microbes should  be present persistently and  be 
correlated  with production of the bioactive compound.  Fourth, the reduction or 
elimination of symbionts influences the p roduction of metabolites. Finally, that the 
biosynthetic genes of the symbionts are present and  can be detected .  
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Figure 2.  Structures of marine natural products sharing similarity to metabolites 
from microorganisms.  
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The long term association and  coevolution of sponges and  bacteria has resulted  
in a close linkage of the metabolic pathways in both symbiotic partners.  The 
development of these relationships has been a major reason why many sponge-
associated  bacteria have not been cultured .  In addition, even if the symbiont can be 
cultured  outside the host, there can be additional problems in attempting to produce 
desired  metabolites due to sub-optimal conditions which inhibit their biosynthesis.43a 
 
Studies on the production of bioactive compounds from sponge-associated  
microorganisms has utilized  two general approaches:  optimization of the in vitro 
culture conditions by extensive study of the microorganism’s environmental 
requirements or the identification and  cloning of the genes that are used  by the 
microorganism for biosynthesis.45 
 
The former can be especially complex due to the numerous factors that can 
influence the microorganism’s behaviour, and  in some cases the requirements may be 
beyond what can be achieved  in a large scale setting.  The more promising alternative is 
to clone the biosynthetic genes and  transfer them from the natural host to a more 
productive host.  This metagenomic approach provides genetic insights into the biology 
of bacteria that are not accessible with standard  microbiological methods and  at the 
same time makes the genetic information available that is required  to produce the 
compounds.43a 
 
Metagenomics offers the possibility to access d irectly the genome of the complex 
marine ecosystem.  The first isolation of a biosynthetic gene cluster from an invertebrate 
metagenome was reported  for pederins (Figure 3) in the bettle Paederus fuscipes.  The 
genes belong to an uncultivable symbiont related  to Pseudomonas aeruginosa but 
coincidentally sequence homology was found in the sponge Theonella swinhoei.46  The 
13 
 
biosynthetic gene cluster of onnamide was also identified  from the metagenome of the 
sponge Theonella swinhoei based  on a homology approach.47  Metagenomic analysis of 
the sponge Discodermolide dissoluta revealed  a great d iversity and  a novel group of 
sponge specific polyketide synthase (PKS) ketosynthase domains.  The metagenomic 
libraries of bacterial genomes associated  with this sponge were screened  for PKS type I.  
This project was hampered  by the fact that no closely related  biosynthetic gene cluster 
had  been reported ; as a consequence the homology approach was inapplicable.  The 
isolated  multimodular PKS gene cluster responsible for the biosynthesis of 
d iscodermolide was not detected .  The d iversity of sponge-microbe community was 
eubacterial and  the majority was -proteobacteria which were closely related  to 
Entotheonella.48  This report showed that isolation of microbial gene clusters from  
sponges is typically not a trivial task and  that it is common for a single bacterium to 
contain more than one pathway for a particular secondary metabolite. 
 
The Haygood group provided  evidence that bryostatins are produced by an 
uncultured  symbiont, a novel species of -proteobacteria named “Candidatus Endobugula 
sertula”.49  The putative biosynthetic genes from Candidatus Endobugula sertula” was 
identified  and  contained  five modular polyketide synthase genes, a d iscrete 
acyltransferase, a -ketosynthase, a hydroxylmethylglutaryl CoA synthase and  methyl 
transferase.  Interestingly, the bry genes share features with the pederin/ onamide 
clusters.50 
 
The ascid ian genus Lissoclinum harbors both natural products and  symbiotic 
cyanobacteria.51  They produce cyclic peptides such as lissoclinamide, trunkamide and  
patellamides.  Genome sequencing of Prochloron didemni isolated  from Lissoclinum patella 
have shown that only a single non-ribosomal peptide synthase gene was identified  and  
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d id  not correlate with patellam ide production. Surprisingly, patellamides are coded by 
a ribosomal peptide synthase.52 
 
Figure 3.  The pederins from diverse sources. 
 
The successful isolation of the biosynthetic gene cluster must  be followed by 
expression in a heterologous host.  A number of microorganisms can be potential hosts 
for heterologous expression including Escherichia coli, Streptomyces sp  and  Pseudomonas 
putida.  Although some suggest E. coli as a robust system,53 the organism may not be a 
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perfect host in the expression of metagenome products from antibiotic gene clusters, 
because the promoters of some high G-C content microbes fail to initiate transcription.54  
The gene cluster for production of patelamide has been expressed  in E. coli although the 
yield  still needs improvement.52  Due to their capacity as a prolific source of secondary 
metabolites, Streptomyces spp. can be an ideal heterologous host for expression of 
marine natural products.  They are naturally equipped with antibiotic production 
machinery and  therefore fulfil the task as a bioreactor.53  The biosynthetic pathway of 
the antitumour compound thiocoraline (figure 4) was expressed  successfully in the 
heterologous hosts S. lividans and  S. albus.  Pseudomonas spp have advantages in that 
they are widely d istributed  in the environment, P. putida is also well known as producer 
of secondary metabolites.55 
 
 
Figure 4.  Thiocoraline. 
 
C.  Creating clinical leads from bioactive natural products  
 
Since nature designs organic molecules for applications not involving humans, a 
bioactive natural product will frequently have some therapeutic hurd les (i.e. toxicity, 
delivery) to overcome before the compound could  be utilized  for medicinal purposes.  
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This could  be more prevalent among compounds isolated  from the marine environment 
because of the unique environmental factors involved  in their biosynthesis.  21, 56  
Regard less, a marine natural product can provide an opportunity for the development 
of a drug for more than one therapeutic target since many of these compounds may 
concurrently have affinities for proteins, DNA, RNA, or other processes.  Such natural 
product scaffolds are now often described  as “privileged  structures” from which 
libraries may be produced through semi or total synthesis.  Since Evans and  others 57 
coined  this terminology, the perception of natural products chemistry has moved well 
beyond typical bioassay guided  isolation.  With the aid  of synthetic and  in silico 
technologies in development since the 1980’s, bioactive natural products and  their fully 
synthetic counterparts have collectively acted as a d ivining rod  for biologically active 
molecular fragments.58 
 
It is well established  that synthetic modifications can play a big role in the 
improvement of pharmacokinetic and  toxicity profiles for natural product drug 
candidates.  As an example, a well written review by Rivkin, Chou and Danishefsky 59 
provides a detailed  account of the rational development of fludelone, a second 
generation (E)-9,10-dehydroepothilone derivative with a significantly improved pre-
clinical therapeutic index compared  to its predecessors.  One well known class of 
marine natural product inspired  drugs is the non-trad itional nucleosides which 
incorporate sugar moieties other than ribose or deoxyribose.  For several years this class 
of compounds have been modified  to target retroviruses on the heels of the successful 
drug azidothymidine (AZT).60  According to the Newman and Cragg review 6 and  other 
sources,61 this breakthrough in AIDS treatment and  other antileukaemia and  antiviral 
drugs such as cytosine arabinoside (Ara-C)62 and  adenine arabinoside (Ara-A)63 may not 
have been d iscovered  as readily unless the “current dogma” was changed by the 
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isolation of the marine natural products spongothymidine and  spongourid ine shown in 
Figure 5. 
 
 
 
Figure 5.  Unique nucleoside marine natural products spongothymidine and 
spongouridine inspire the development of synthetic antiviral and antileukaemia 
drugs (* indicates a synthetic derivative). 
 
Several successful cases of FDA approved, clinically-optimized  analogues of 
terrestrial natural products exist.  As the field  of marine natural products matures and  
the ongoing clinical trials of marine-derived  leads progress, further work will certainly 
accomplish similar success.  At the moment, there are quite a few examples of synthetic 
marine natural product analogues that have produced leads currently in clinical trials .64  
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Dolastatin 10 was originally isolated  from a seahare but later found in an associated  
cyanobacterium 65 and  was highly promising as an antitumour lead  until reported  
toxicity issues in 2004 reduced  its clinical potential.66  Dolastatin 15 was isolated  from 
the same mollusk but stalled  in pre-clinical trials due to an inefficient total synthesis 
and  poor water solubility.64  Since those initial setbacks, an intensive structure-activity 
relationship study was undertaken and  three synthetic analogues TZT-1027 
(soblidotin),67 LU-103793 (cemadotin),68 and  ILX-651 (synthadotin)69 emerged  as clinical 
leads with improved potency and  efficacy.70  Figure 6 shows the natural products and  
their corresponding analogues highlighting the structural modifications that improved 
their performance in clinical trials.  Other examples of marine natural product synthetic 
analogues with improved potential are included  in Table 2 with associated  references 
made available for further details. 
 
Figure 6.  Dolastatins 10 and 15 and improved analogs currently in clinical trials.  
19 
 
Table 2.  Marine natural product synthetic analogues with improved therapeutic 
potential over the original natural product. 
Compound Derivation Activity Clinical status 
GTS-2171 anabaseine72 Alzheimer nicotinic antagonist Phase II73 
IPL-576-09274 contignasterol75 Anti-asthmatic Phase II (Stalled)76 
KRN-700077 agelasphin-9b78 Immunomodulator Phase I79 
PT65080 ET74381 Cytotoxicity Pre-clinical (Stalled)82 
 
i.  Rationally guided  modification of marine natural products 
 
In some cases, the analogs produced from a particular core structure are 
numerous and  structure activity relationships are based  solely on the d iscerning eye.  
The design of synthetic analogs is thus dependent on the capacity of the chemist to 
account for this mass of information, but in silico rational design can now play a 
significant role in answering questions about the structural requirements for biological 
activity.82-83  For marine natural product analogues utilizing computational studies to 
predict the most effective structural modifications for activity is especially important in 
cases where total synthesis is not efficient and  natural supplies are low. 
 
The design of product-based  libraries typically rely on virtual semi-synthetic 
approaches in combination with both liquid  or solid -phase library synthesis and  have 
assisted  in the development of successful natural product prodrugs.84  Computationally 
demanding hybrid  approaches attempt to merge the developing area of computational 
chemistry and  trad itional synthetic studies and  have been used  to generate compound 
libraries based  on smaller build ing blocks or intermediate size fragments.82  In cases 
where bioactive marine natural products cannot be utilized  clinically, the same 
compounds can be utilized  as molecular probes of their target.  A recent study of the 
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marine derived  latrunculins utilized  modelling of the actin binding site of latrunculin A 
to examine requirements for its affinity.  Information from this model was used  in the 
design of analogues that were submitted  for in vitro comparison to the parent, one 
analogue produced through fewer synthetic steps had  a similar potency compared  to 
latrunculin A.85 
 
ii.  Biosynthetic engineering of marine natural product analogs 
 
Marine microorganisms have been exploited  for their in situ  transformations of 
natural product scaffolds, where in turn isolation of the small quantities of metabolic 
products from the fermentation media proposes to produce either more bioactive or 
metabolically stable compounds.86  Marine microorganisms that are responsible for the 
production of a particular compound can also be utilized  for the production of 
analogues through engineering of the associated  biosynthetic gene cluster.  As 
mentioned  earlier, the identification and  isolation of the biosynthetic gene cluster for 
biosynthesis is particularly evasive, but the technology for genetic manipulation of 
those gene clusters is now available allowing for the creation of what has been 
described  as ‘unnatural natural products’87 or more often referred  to as the method of 
combinatorial biosynthesis.88  Following the identification of the gene cluster 
responsible for enterocin biosynthesis in the marine microorganism Steptomyces 
maritimus,89 Piel et al. engineered  and  expressed  the gene cluster in S. lividans producing 
enterocin, wailupemycin D and several other known and new compounds.  This group 
later went on to block benzoyl-CoA production in the same engineered  strain and  
created  a series of enterocin and  wailupemycin analogues with precursor mimics.90  
Essentially, the method of combinatorial biosynthesis can be applied  to an indefinite 
number of marine organisms and  provides an alternative route to otherwise 
synthetically challenging derivatives of marine derived  drug leads. 
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D.  Conclusion 
 
In the recent data presented  by Newman and  Cragg,91 there is a subtle decrease 
in the numbers of small molecule new chemical entities (NCE’s) from the mid  1980’s to 
2005 which could  be correlated  d irectly to the development of higher throughput assays 
and  the utilization of previously developed synthetic and  natural product based  
libraries.  In the years following, combinatorial chemistry became a mainstream tool for 
build ing compound d iversity and  natural products took a metaphorical backseat which 
may have negatively impacted  the number of compounds that made it beyond clinical 
trials.92  It is undeniable that nature has provided  a bounty of chemistry in the world’s 
oceans, only the current technology limits the development of this resource for new 
drugs.  As the previously mentioned  improvements in the technology associated  with 
collection, isolation and  identification of new chemistry become commonly used  by 
scientists, the frequency of new leads is expected  to increase.93   Marine 
microorganisms43b will certainly be of particular future interest, not only for their 
potential association with previously isolated  natural products, but for their ability to 
produce new biologically active compounds.  The promise of worms, bryozoans, 
molluscs, tunicates and  smaller encrusting or slow growing sponges that were 
considered  either too small or too few in number to study thoroughly will become 
accessible though the reduction of the critical mass required  for a compounds structure 
elucidation and  bioactivity. 
 
E.  Expert opinion 
 
Although the approval of ziconotide is a major historical event in the eyes of 
marine natural product chemists, it is yet to be determined  if this instance of a truly 
marine derived  drug will cause a ripple effect for the entire pharmaceutical industry.  
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Questions concerning sourcing still linger and  until these issues are more consistently 
resolved  through either a synthetic or a biotechnology based  approach the throughput 
of a trad itional natural products isolation approach will cause industry leaders to  
hesitate.  On the other hand, the poor return for the two decades of combinatorial 
chemistry has highlighted  the need  to learn more from bioactive natural products.  This 
emerging impetus to find  novel bioactive compounds coupled  with the development of 
new technology to increase the throughput of isolation and  identification of natural 
products should  further bolster the interest in the marine environment as well as future 
stories of success like that of ET743.  Based  on the current knowledge of the poten tial 
d iversity of the marine macro- and  microorganisms, the reported  d iversity of chemical 
structures represents a keyhole view of what remains to be d iscovered  from this 
environment.  Significant advances in the area of analytical chemistry, d iving 
technology, molecular biology and  marine microbiology are helping to improve the rate 
of drug d iscovery and  development, but a clear goal of future work should  be to match 
the demands of high throughput assays.  The numbers may never match the power of 
purely synthetic techniques, but the effort will undoubtedly be fruitful in terms of 
chemical d iversity.   
 
Two technologies in particular will have dramatic impacts in this regard , 
capNMR probes and  metagenomic analysis.  Capillary NMR probes using either 
automated  sample injectors or HPLC will d ramatically reduce the handling and  time 
required  for identification of components in bioactive extracts from marine organisms.  
Essentially, HPLC fractions will be routinely screened  for bioactivity and  analyzed  by 
NMR simultaneously.  Although the technique of metagenomic analysis will likely 
encounter early d ifficulties associated  with research on marine microorganisms it will 
eventually provide access to biosynthetic tools that are relatively d ifficult to mimic with 
total synthesis and  concurrently help address some drug supply issues. 
23 
 
F.  Supplement: alternative applications of natural products 
 
As bioprospecting is primarily fueled  by the needs of the pharmaceutical and  
agrochemical industries, logically, the functional studies of natural products focus 
attention on their connection to a marketable product in those industr ies.  This fact 
should  not undermine the benefit of functional studies towards the understanding of 
alternative roles.  Surface coatings, biofuels, cosmetics and  foods are industies not 
typically associated  with bioprospecting, yet they have benefited  from discoveries made 
from taylored  functional studies of natural products. 
 
In the food industry, non-sucrose based  sweetners, anti-oxidants, and  
presevatives are d iscovered  through functional studies design ed  to evaluate their 
effectiveness and  their safety in humans.  Human trials are seldom used  in this 
d iscovery process because of ethical considerations, so the functional studies must 
accurately represent the environment of their application.  All of these considerations 
also play a major role in the development of natural products in cosmetics. 
 
Traditionally, the surface coatings and  fuel and  energy industries have been less 
concerned  with the d iscovery of natural products that enhance their products likely 
because of a relatively less d irect nature of their contact with humans.  The impetus for 
these industries venturing into the study of natural products involves pressure from 
regulatory bodies to red uce deliterious effects of their products on the ecosystem.  
Surface coatings industry looks to utilize anti-foulants and  preservatives, wereas the 
fuel and  energy industry wishes to harness the biological machinery for producing 
oxygenated  fuels like biod iesel.  Designing assays that model an ecosystem can be as 
complicated  as modeling a therapeutic target in drug d iscovery.  However the demands 
in terms of human safety are relatively relaxed  which simplifies the standards required  
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to demonstrate the potential of a natural product.  Ultimately the application of any 
natural product in these industries is limited  by their abundance.  
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PART II.  NATURAL PRODUCT ISOLATION  
 
CHAPTER 2.  Asteropsin A: an unusual cystine-crosslinked  peptide from porifera 
enhances neuronal Ca2+ influx 
 
The d iscovery of a considerable amount of asteropsin A (ASPA) from a marine 
sponge of the genus Asteropus validates Porifera as the source of an unusual variety of 
cystine-crosslinked  knot peptides.  Cystine knot peptides are a class of peptides that 
share the rigid  molecular “knot” d isulfide arrangement.94  A dominant feature of all 
knot peptides is their cystine arrangement and , although this framework exists in 
ASPA, sequence analysis using software designed  to classify knot peptides suggested  
that it is markedly d issimilar from any other peptide within the class.  Several other 
characteristics, such as the absence of any basic residues, intra-cystine loop length, the 
presence of a modified  N -terminus, and  two cis-proline moieties contribute to the 
uniqueness of ASPA and results in a relatively d istinct peptide surface. 
 
Many natural knot peptides including those of marine origin affect ion channel 
function.  Such peptides can significantly affect the buildup of the action potential in 
excitatory cells which are considered  to be targets for drug d iscovery.  Neuronal ion 
channels (e.g., Na+, K+, and  Ca2+) have become a therapeutic option for a variety of 
acquired  d iseases and  genetic abnormalities (i.e., ion channelopathies).  Ion channel 
drug d iscovery has expanded into areas beyond neuropathic pain, such as card iac 
arrhythmia, inflammation, tumor proliferation, and  neurodegenerative d isorders, 
including Alzheimer’s and  Huntington’s d iseases.  The potential of ion channel 
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modulators is rooted  in the fact that ion channels play important roles in numerous and  
d iverse physiological systems.95  Our understanding of drug-channel interactions has 
expanded to include allosteric effects that prefer the open state to the closed  state.96  
Most of the Na+ channel-interacting peptides act independently as channel inhibitors, 
but no Na+ channel effects were observed  for ASPA alone.  However, ASPA notably 
enhanced  Ca2+ influx during veratrid ine-induced  Na+ channel activation in murine 
cerebrocortical neurons. 
 
According to the KNOTTIN database, only a handful of marine-derived  knot 
peptides have been d iscovered  outside the cone snail family.97  Asteropine A (APA) has 
been the only knot related  peptide d iscovered from Porifera (Asteropus simplex)98 and  
one of only four sponge-derived  peptides containing a d isulfide moiety.99  Although 
ASPA is from the same sponge genus as APA, it d iffers from APA not only in structure 
but also in biological activity, which is a major criterion for classifying knot peptides.  
However, APA and ASPA together is a potentially valuable pair of ribosome 
synthesized  peptides.  They can be useful for the identification of a biosynthetic source 
through cell sorting and  metagenomic approaches,100 especially at a time when scientists 
are likely to presume symbiotic microorganisms to be the “true” producers of natural 
products in marine sponges.101 
 
The structure of ASPA was unambiguously assigned  by X-ray crystallography 
and solution NMR spectroscopy provid ing its absolute configuration and  tertiary 
structure which, considering the prior lack of such high -quality structural details, is a 
valuable contribution to the drug development of related  peptides.  Only one other 
independent crystal structure has been reported  for a related  cystine-crosslinked  
peptide,102 and  none have been reported  from a marine source until now. 
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A.  Results and  d iscussion 
 
ASPA was isolated  from the MeOH extract of the sponge Asteropus sp . via 
several steps of solvent partitions followed by RP-HPLC.  The MALDITOFMS of APSA 
exhibited  a monoisotopic ion peak at m/z 3918.5 [M + Na]+.  The structural elucidation 
of ASPA in solution was initiated  using NMR spectroscopy.  The 1H (600 MHz) NMR 
spectrum recorded  in CD3OH exhibited  well-d ispersed  amide and  aliphatic signals 
indicative of a peptide.  Our previous isolation of pyroglutamyl d ipeptides from the 
same sponge aided  confirmation of the NH signal of a pyroglutamyl ring by 
comparison of the signal shape and  chemical shift, as well as the HMBC correlations 
analogous to those of d ipeptides (Li et al., 2010).103  The NMR evidence (Figure 7) 
combined  with the d ifficulty in performing trad itional sequence analysis ind icated  that 
the N -terminus of the peptide was blocked by pyroglutamic acid  (pGlu, PCA). 
 
 
Figure 7.  HMBC evidence for a pyroglutamic acid moiety at the N-terminus of ASPA. 
Gradient enhanced HMBC spectra acquired at 500 MHz in DMSO-d6 at 298K. 
Processed using MestReNova (6.2.0). 
 
Amino acid  analysis ind icated  that the peptide was composed  of common amino 
acids with several cystine residues, ind icating a likelihood of d isulfide bonds.  Before 
trad itional sequence analysis, the peptide required  pretreatment for N -terminal 
deblocking and  d isulfide bond reduction.  ASPA was reduced  with d ithiothreitol and  
28 
 
alkylated  with iodoacetamide to produce a hexacarboxamidomethyl derivative (m/z 
4266.7 [M + Na]+), ind icating the presence of three d isulfide bonds.  The derivative was 
d igested  with pyroglutamate aminopeptidase to remove the N -terminal pGlu before the 
analysis.  The complete amino acid  sequence presented  in Figure 8A was corroborated  
by sequence specific chemical shift assignments obtained  through analyses of DQF-
COSY, TOCSY, and  NOESY spectra.  Our attempts to confirm the d isulfide 
arrangement of ASPA by partial reduction, proteolytic enzyme hydrolysis (with 
thermolysin and  proteinase K), and  high-energy CID-MSn methods ultimately failed . 
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Figure 8.  The sequence and crystal structure of ASPA.  (A) The sequence of ASPA. X: 
pyroglutamic acid (pGlu).  The disulfide bonds are presented as solid lines.  (B) The 
crystal structure of ASPA.  The side chain of the N -terminal pGlu is indicated by 
sticks.  The three disulfide bonds and β-sheets are colored yellow and blue, 
respectively.  Six Cys residues are labeled.  (C) Representation of the ASPA crystal 
lattice in relation to electrostatic potential.  (D) Cis-proline moieties of ASPA 
indicated by sticks.  The C
α
 of the residues Ile26, Pro27, Asp29, and Pro30 are colored 
yellow.  This figure was drawn with the program PYMOL.  
30 
 
i.  Crystal structure of ASPA 
 
In the course of gathering our NMR data, we observed  an aggregate at the 
bottom of the 3 mm NMR tube containing ASPA in CD3OH (Figure 9).  The tube was 
allowed to sit undisturbed  under ambient conditions for approximately seven days, at 
which time a mass of blade-shaped crystals was observed  by microscopy and indicated  
d iffractive properties.  X-ray crystallographic studies of ASPA were conducted , which 
provided  an anisotropically refined  structure to a resolution of 0.87 Å (Figure 8B and 
Appendix Tables 12-19).  The surface projection of the electrostatic potential (kT/ e) was 
calculated  using APBS software via the PDB2PQR web portal.104  The resulting map 
showed an isolated  region of positive potential that could  potentially facilitate 
organization into a crystal lattice (Figure 7C). 
 
A crucial benefit of the crystal structure was the unambiguous characterization 
of the N -terminal pGlu, cis-trans proline conformations, and  proper d isulfide pairings 
(Figure 8B and D).  The N -terminal pGlu has been reported  to be important for the 
correct conformation and  function of the peptides,105 and  is an uncommon moiety 
among knot peptides.  Two of the four prolines (Pro27 and  Pro30) in ASPA had cis 
geometry (Figure 8D), which has been observed  seldomly in knot peptide structures.102, 
106  The anti-parallel β-sheets were found to be supported  by two (Cys17-Cys34 and  
Cys10-Cys25) of the three d isulfide bridges that lie in the middle of the structure.  The 
third  d isulfide bridge lies closer to the surface near the N -terminus. 
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Figure 9.  Microscopic image of crystal mass inside 3 mm NMR tube. 
 
Details of the H-bonding network of ASPA were elaborated  in its crystal 
structure (See Appendix Table 19).  After removing d isordered  solvent using the 
SQUEEZE procedure,107 48 H-bonds were assigned  to peptide-atom donors.  Thirteen 
intramolecular H-bonds were associated  with the solvent and  12 with various 
symmetry mates.  Of the remaining 23 intermolecular H -bonds, 17 were associated  with 
the β-sheet regions described  above.  Five hydrogen bond s were shown to involve 
residues of the N -terminus, including one from the modified  pGlu1 to Phe14 in the first 
β-turn region. 
 
ii.  Solution structure of ASPA 
 
To compare ASPA in its crystal and  solution states, the structure assignment was 
independently completed  using NMR techniques (See Appendix Table 20).108  NOE 
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d istance constraints and  hydrogen-deuterium exchange experiments using CD3OH and 
CD3OD indicated  three antiparallel β-strands, consisting of the residues Ser9-Asn11, 
Leu23-Pro27, and  Asp31-Tyr36, and  two type I β-turns consisting of the residues Val12-
Tyr15 and  Gly28-Pro30 (Figure 8A and B).  The 3D solution structure of ASPA was 
initially calculated  by CYANA 2.1 using d istance, d ihedral angle, and  hydrogen bond 
constraints, and  further refined  by simulated  annealing within CNS 1.3.109  The 20 
structures with the lowest energies and  no residual restr aint violations were selected  to 
represent the solution structure of ASPA (Figure 8C).  The average RMSD calculated  for 
residues 2–37 was 0.18 Å for the backbone atoms and 0.63 Å for all heavy atoms (N, Cα, 
and  C).  The Ramachandran plot summary from PROCH ECK showed that 85.8% of the 
residues were in the most favored  and  14.2% in the additionally allowed regions.110  The 
structural statistics for the 20 lowest energy structures are summarized  below in  Table 
3.  
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Table 3.  Structural statistics for the 20 lowest energy solution structures of asteropsin 
A defined by PSVS (protein structure validation suite)a 
NOE distance constraints  
Total 544 
Intra-residue [i = j] 112 
Sequential [|  i - j |  = 1] 153 
Medium range [1 < |  i - j |  < 5] 81 
Long range [|  i - j |  ≥ 5] 198 
Dihedral angle constraints 19 
Hydrogen bond constraints 28 
Violations  
Distance (> 0.1 Å) 0 
Dihedral angle (> 1º) 0 
Van der waals (< 1.6 Å) 0 
RMS deviations from idealized geometryb  
Bond lengths (Å) 0.009 
Bond angles (º) 0.7 
RMS of d istance violation 0.01 
RMS of d ihedral angle violation 0.02 
RMSD values for residues 2-37 (Å)b  
All backbone atoms 0.18 
All heavy atoms 0.63 
Ramachandran plot (%)  
Most favored  regions 85.8 
Additionally allowed regions 14.2 
a
 Structural statistics were evaluated for the residues 2-37. 
b
 RMS deviations were given as the mean value.  
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Figure 10.  The secondary and 3D solution structures of ASPA.  (A) A summary of the 
sequential and medium range NOE correlations (| i – j|  < 5) and hydrogen-deuterium 
exchange experiments.  The NOE intensities are grouped into four classes (2.5, 3.0, 
4.0, and 5.0 Å), which are represented by the thickness of solid lines.  Filled circles 
indicate the amide protons observed in the 1H NMR spectrum recorded in CD 3OD 
(500 MHz).  The arrows at the top of the figure indicate the position of the β-sheets as 
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analyzed by a combination of strong sequential dαN, weak dNN, and non-exchanged 
amide protons.  (B) The triple-stranded antiparallel β-sheet region with hydrogen 
bonds (dashed line) and relevant NOE (solid arrows).  (C) The overlapped backbone 
atoms of 20 selected models with lowest energy representative of the solution 
structure of ASPA.  The side chains of the N-terminal pGlu and Pro residues are 
indicated by sticks.  Four Pro residues are labeled.  The average root-mean-square 
deviations (RMSD) calculated for residues 2–37 were 0.18 Å for the backbone atoms 
and 0.63 Å for all heavy atoms (N, C
α
, C).  (D) Structural alignment of the lowest 
energy solution (blue) and crystal (red) structures with a backbone RMSD value of 
0.66.  The side chains of N-terminal pGlu and Pro residues are indicated by sticks.  
The residues of pGlu1, Gln13, Leu21, and four prolins are labeled.  This figure was 
drawn with the program PYMOL. 
 
The crystal and  solution structures were successfully superimposed  with a 
backbone RMSD value of 0.66 Å (Figure 10D).  However, the solution structure deviates 
from the crystal structure at its N -terminus (ca. pGlu1), Gln13 in loop 2, and  Pro19-
Leu21 in loop 4 (Figure 10D).  The terminal hydrogen bonds identified  in the crystal are 
assumed to be less ordered  in solution  and  account for the calculated  variation.  The 
relative solution flexibility of described  residues indicates potential regions possibly 
involved  in its biological mechanism of action.  Future engineering of novel bioactivity 
through the exposed  loop 4 in ASPA will be greatly facilitated  by the elucidation of its 
structural features. 
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iii.  Structural uniqueness of ASPA 
 
 
Figure 11.  Sequence alignment and surfaces of selected knottins.  (A) Sequence 
alignment of ASPA with APA (Takada et al., 2006), CNTX_1 (conotoxin_1) 
(Kauferstein et al., 2005), CNTX_MVIIA (ω-conotoxin MVIIA) (Miljanich, 2004; 
Nadasdi et al., 1995; Olivera et al., 1987), and HNTX_IV (hainantoxin_IV) (Li et al., 
2004).  Disulfide bonds are presented as solid lines. Residues: red = acidic residues, 
blue = basic residues, green = hydrophobic uncharged residues, yellow = Cys, purple 
= Pro.  Surface morphology of (B) ASPA, (C) APA, (D) CNTX_MVIIA, and (E) 
HNTX_IV.  Red = acidic residues and C-terminal -COOH; blue = basic residues and 
N-terminal -NH2; green = hydrophobic uncharged residues; white = others.  The side 
chains of the acidic residues of ASPA (B) and APA (C) are shown with sticks.  The 
negatively charged side chains of Asp12, Glu22, and Glu24 in APA were so lvent-
exposed, while the side chains of Glu6, Glu8, and Asp31 in ASPA were almost buried 
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in the peptide.  The proposed ion-channel interacting basic residues of 
CNTX_MVIIA (D) and HNTX_IV (E) are labeled.  The sequence alignment was 
performed with the program ClustalX 2.0 and the surface morphology was drawn 
with PYMOL. 
 
The sequence of ASPA was submitted  for Knoter1D analysis (KNOTTIN 
database tool).97  Although its cystine arrangement was previously observed , ASPA was 
not recognized  as a member of the knottin class, most likely because of the inherent 
sequence variability between cystine knots.  Regard less of the cystine arrangement, the 
sequence bears little resemblance to any previously isolated  peptide.  ASPA only shares 
the Pro-Cys-Cys-Pro homology with a handful of conotoxin sequences identified  only at 
the genomic level and  without details of their structures or biological activity (Figure 
11A).111 
 
Using a pre-screened group of 22 peptides most closely related  to ASPA, the TM-
align algorithm was used  to assign normalized  TM-scores with ASPA which would  
qualify their backbone alignment (See Appendix Table 21).112  Any aligned  peptides 
which have scores higher than 0.5 would  be considered  to have similar backbone folds 
as ASPA.113  Hainantoxin IV (HNTX_IV) (Figure 11A and E) from spider venom scored  
the highest with a 0.59 TM-score.114  The conotoxin structures represented  in the group 
were assigned  scores between 0.46 and  0.22.  Overall, the modest TM-scores could  
represent the evolutionary gap between sponges and  higher order sources of knot 
peptides as well as a potential d ifference between their mechanisms of biological 
activity. 
 
Furthermore, most of the reported  knot peptides d isplay a positive charge, while 
ASPA has no basic residues and  was instead  acid ic and  this phenomenon was also 
observed  in APA.  Thus, the absence of basic residues is speculated  to be one of the 
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unique characteristics of sponge-derived  knot peptides, which could  account for 
d ifferences in their potential therapeutic use.  However several d istinctions exist 
between ASPA and APA in addition to its obvious d ifferences in sequence.  ASPA is 
relatively proline rich and  two of these prolines have cis geometry (Figure 8D), while 
APA contains only one trans-Pro.  The cis-Pro conformer has a less than 10% occurrence 
in nature compared  with the trans conformer.115  Among the cyclotide knot peptides, cis-
Pro is the criterion that d istinguishes the two main subfamilies.102  The presence of 
multiple cis-Pro is uncommon among knot peptides and  because of its constrained  
nature, cis-Pro is likely to contribute to the stability of the protein fold .  Most 
importantly, the bioactivity of APA and ASPA are d istinctly d ifferent.  APA was 
reported  to be a potent competitive inhibitor of bacterial neuraminidases.98  However, 
ASPA showed no inhibition of neuraminidase from Arthrobacter ureafaciens, Clostridium 
perfringens, Vibrio cholera, Micromonospora viridifaciens, and  recombinant influenza A 
virus H1N1 up to a 50 µM concentration.  This d ifference in bioactivity may be 
explained  by their low sequence identity and  physical d ifferences in their surfaces 
(Figure 11A–C).  The acid ic residues, considered  to be necessary for neuraminidase 
inhibition, are mostly solvent-exposed  in APA, especially Asp12, Glu22, and  Glu24 
(Figure 11C).  However in ASPA, the negatively charged  side chains of Glu6, Glu8, and  
Asp31 are concealed  inside the peptide (Figure 11B) prohibiting them from interactions 
with neuraminidases.  The d istinct biological activity together with several other 
features such as low sequence identity, N -terminal pGlu formation, and  cis-prolines, 
d istinguish ASPA from the other sponge-derived  knot peptide APA. 
 
iv.  Effects on neuronal Ca2+ influx 
 
The physicochemical characteristics of the peptide surface are justifiably 
important for peptide-ion channel interaction.  Unlike most cation channel blocking 
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knot peptides which produce net (basic) positive charge at their surfaces (Figure 11D 
and E), ASPA has no basic residues and  its surface is instead  negatively charged .  
Because the sequence and  fold  of ASPA did  not significantly match any known ion 
channel interacting peptide, its biological activity could  not be predicted .  However, the 
association of its cystine arrangement with conotoxins provided  some impetus to 
evaluate its effects on ion channels in addition to a broader evaluation of its 
cytotoxicity, antibiotic, and  antiviral activities. 
 
Neither the inhibition nor the activation of voltage-gated  Na+ (NaV1.2) or Ca
2+ 
(Cav1.2) channels was observed  at up to micromolar concentrations of ASPA 
administered  alone.  However, ASPA enhanced veratrid ine-induced  Ca2+ influx in 
murine cerebrocortical neuron cells with an EC50 value of 14 nM (Figure 12).  
Veratrid ine is a neurotoxin that binds to intramembrane receptor site 2 on voltage-gated  
Na+ channels (VGSC).  It binds preferentially to the activated  state of VGSC and causes 
persistent activation via an allosteric mechanism that leads to the blocking of channel 
inactivation and  a shift of the voltage dependence of activation to more negative 
potentials.96a  However, allosteric interaction between ASPA and the veratrid ine bindin g 
site of the VGSC was not observed .  Other toxins have been suggested  to prefer binding 
to the open state form of ion channels and  the enhancement of veratrid ine-induced  Ca2+ 
influx is a potential ind icator this phenomenon exists for the ASPA mechanism.116   
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Figure 12.  The effects of ASPA on the veratridine (VRT, 3 μM)-induced Ca2+ influx in 
murine cerebrocortical neurons.  (A) Time-response relationships for the 
enhancement of the veratridine-induced Ca2+ influx by ASPA.  (B) Concentration-
response relationships for the enhancement of the veratridine-induced Ca2+ influx by 
ASPA.  Each data point represents the mean of three emission determinations. 
 
Considering that multiple resources for Ca 2+ regulation exist in neurons and  that 
Ca2+ p lays a significant role in other signaling processes, the details of the ASPA 
binding site remain unclear.  Early clinical trials of veratrid ine (i.v. and  i.m.) for 
hypertension revealed  a poor therapeutic window due to toxic side effects.117  However, 
combination therapy may reduce the dosage requirement whilst achieving its desired  
effect on VGSC.118  Considering the low toxicity of ASPA (no toxicity or behavior 
changes were observed  in mice [i.p . 40 µg/ g] and  chicks [i.c.v. 60 µg/ g]) and  the 
selective veratrid ine-ASPA effects on Ca2+ influx in neuronal cells, ASPA may have 
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utility for a control of hypertension or topical pain  when used  in combination with 
veratrid ine. 
 
B.  Experimental procedures 
 
i.  Animal material and  peptide purification 
 
The marine sponge Asteropus sp . (2.4 kg wet weight) was collected  by hand using 
SCUBA (20 m depth) in 2006 off the coast of Geoje Island , Korea, and  stored  at -20°C 
until used .  The frozen sponge (2.4 kg wet weight) was extracted  with MeOH at room 
temperature.  The extract (166 g) was partitioned  between water and  CH 2Cl2 and  the 
aqueous layer was further partitioned  with n-BuOH and water.  The organic layer was 
subjected  to step-gradient MPLC (ODS-A, 120 Å, S-30/ 50 mesh) elu ting with 20–100% 
MeOH. ASPA (44 mg) was purified  by RP-HPLC equipped with an RI detector (YMC 
ODS-H80 column 250 mm × 10 mm, i.d . 4 μm, 80 Å) eluting with 60% MeOH + 0.2% 
HCOOH at a flow rate of 1 mL/ min.  The MALDI-TOF MS of APSA exhibited  a 
monoisotopic ion peak at m/z 3918.5 [M + Na]+. 
 
ii.  Amino acid  composition analysis 
 
A 0.3 mg portion of the peptide was d issolved  in 1 mL of 6N HCl and  
hydrolyzed  at 110℃ for 24 h, and  the HCl was then removed by evaporation by 
streaming N 2 gas. The residue was red issolved  in 0.8 mL of H 2O followed  by filtration 
through a 0.22 µm filter. The filtrate (20 µL) was injected  into a Hitachi L-8800 amino 
acid  analyzer at the wavelength of 570 and  440 nm. 
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iii.  Molecular mass determination 
 
To determine the exact molecular mass of the peptides as well as related  
derivatives, each sample was applied  to a MALDI-TOF instrument (Applied  Biosystems 
4700 proteomics analyzer, Framingham, MA). The samples were d issolved  in DMSO 
and further d iluted  by an α-cyano-4-hydroxycinnamic acid  matrix solution (7 mg/ mL in 
50% CH 3CN, 0.1% TFA) to a ×10 volume.  Each sample/ matrix solution (1 µL)  was 
spotted  onto the MALDI plate to acquire the MS data. 
 
iv.  Reduction and  alkylation of the peptide 
 
A portion of ASPA (100 µg) was d issolved  in 100 µL of the denaturation buffer (7 
M guanid ine hydrochloride in 0.4 M Tris-acetate-EDTA buffer, pH 8.3) and  10 µL of 45 
mM dithiothreitol (DTT) was added to the solution.  The mixture was incubated  at 60°C 
for 90 min. Then, 20 µL of 100 mM iodoacetamide was added and  the mixture was 
further incubated  at room temperature for 45 min.  The reaction mixture was purified  
by RP-HPLC using a UV detector (Waters ODS-2 column 250 mm × 4.6 mm, i.d . 5 μm; 
wavelength: 220 nm) with a linear gradient elution (30–80% solvent B; solvent A: H 2O + 
0.1% TFA, solvent B: 90% CH 3CN + 0.1% TFA) to produce a hexacarboxamidomethyl 
derivative (m/z 4266.7 [M + Na]+), ind icating the presence of three intramolecular 
d isulfide bonds. 
 
v.  N -terminal deblocking and  sequence analysis 
 
The hexacarboxamidomethyl derivative (<30 µg) of ASPA was d igested  with 2 
mU pyroglutamate aminopeptidase (Takara Bio Inc., Shiga, Japan) d issolved  in 100 µL 
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of the supplied  buffer (a 50 mM sodium phosphate buffer containing 10 mM DTT and 1 
mM EDTA, pH 7.0) containing 5% glycerol at 50°C for 10 h.  The d igest was desalted  
with a sample preparation cartridge (Prosorb, Applied  Biosystems, Foster City, CA, 
USA), and  subjected  to automatic Edman degradation in a protein sequencing system 
(Procise 491, Applied  Biosystems).  Sequence analysis was performed at KBSI (Korea 
Basic Science Institute, Seoul, Korea).  Sequence alignments were performed and images 
rendered  using ClustalX (ver. 2.0, http:/ / www.clustal.org). 
 
vi.  NMR spectroscopy 
 
The NMR sample used  for acquisition was d issolved  in CD 3OH (98%, Sigma 
Aldrich Chemical Co., St. Louis, MO, USA), degassed , and  topped with argon to 
minimize the absorption of water.  Residual water signal suppression was achieved  
using standard  presaturation methods.  Standard  experimental parameters were used  
for the acquisition of HSQC (adiabatic decoupling), z-TOCSY (DIPSI, mixing time = 80 
ms), DQF-COSY, NOESY (mixing time = 100 and  300 ms using a Varian 600 MHz (13C = 
150 MHz) INOVA at 298K with reference to the internal lock signal.  Processing was 
completed  using NMRPipe (ver. 5.5, NIH) and  chemical shift analysis using SPARKY 
(ver. 3.114, UCSF), with spectra image rendering using MestReNova (ver. 6.2.0, 
Mestrelab Research, Escondido, CA, USA). 
 
vii.  X-ray analysis and  refinement 
 
The selected  crystal used  for the X-ray crystallography studies belongs to the 
triclinic space group P1 with unit cell d imensions as follows: a = 14.8028(6) Å, b = 
18.5573(8) Å, c = 24.1784(10) Å,  = 83.186(4)º,  = 84.097(4)º,  = 68.038(3)º.  A total of 
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46544 reflections were measured  at 90.0 K to 0.87 Å resolution with CuK  radiation (  = 
1.54178 Å) on a Bruker Kappa Apex-II d iffractometer, 27756 reflections were 
independent (R int = 0.048).  The structure was solved  using the Patterson function to 
locate the six sulfur atoms, followed by partial structure expansion by d irect methods 
and  structure completion by d ifference Fourier methods.  Anisotropic refinement was 
carried  out for all non-H atoms, and  H atoms were included except on solvent 
molecules (MeOH and  water).  The standard  absolute configuration for all residues was 
confirmed based  on 10916 Friedel pairs, giving an acceptable Flack parameter x = 
0.049(17). Final R = 0.079, Rw = 0.215 for 2725 variables.  The crystal structure of ASPA 
has been deposited  in the Protein Data Bank (PDB) (3Q8J). 
 
viii.  Solution NMR structure calculations 
 
Interproton d istance constraints were obtained  from the 100 ms and  300 ms 
mixing time NOESY spectra recorded  in CD3OH.  The NOESY spectra were analyzed  
with the program SPARKY.  The cross peaks were categorized  into four classes 
according to the peak intensities: 2.5, 3.0, 4.0, and  5.0 Å corresponding to strong, 
medium, weak, and  very weak correlations, respectively.  Pseudo-atoms were applied  
for methyl, non-stereospecifically assigned  methylene, and  aromatic protons according 
to a standard  method.108  Hydrogen bond restraints were collected  by long-range NOE 
correlations together with hydrogen-deuterium exchange experiments using CD3OH 
and CD3OD as solvents. 
 
Solution structure calculations were initially performed by CYANA 2.1 using 
d istance, d ihedral angle, and  hydrogen bond constraints, and  further refined  by 
simulated  annealing within CNS 1.3.109  A final set of 200 structures was calculated  
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within the program CNS, and  the 20 structures with lowest energies and  no residual 
restraint violations were used  to represent the solution structure of the peptides.  The 
calculated  3D structures were analyzed  with the program PYMOL.119  The structure 
quality was validated  by PSVS (protein structure validation software suite) server 
(http:/ / psvs-1_4-dev.nesg.org/ ).  The solution structure of ASPA has been deposited  in 
the PDB (2LQA). 
 
ix.  Sequence and  tertiary structure alignments 
 
The KNOTTIN database (http:/ / knottin.cbs.cnrs.fr/ ) FASTA search revealed  a 
handful of reported  sequences which aligned  with asteropsin A.  Final sequence 
alignments were performed and images rendered  using CLUSTAL X (ver. 2.0, 
http:/ / www.clustal.org).  Accessing the database of PDB sequences of the RCSB 
(www.pdb.org), a FASTA search was initiated  with the sequence of asteropsin A using 
filters of an E Value of ≤ 100, 18-74 chain length, 3-4 d isulfide bonds and  no helices.  
Twenty two records were found and coordinates downloaded for tertiary structure 
comparison using TMalign online (last updated  January 30, 2011, 
http:/ / zhanglab.ccmb.med.umich.edu/ TM-align/ ) with scores normalized  to the 
asteropsin A sequence length (37 residues). 
 
x.  Electrostatic potential modeling and  rendering 
 
Calculation of electrostatic potential was accomplished using the APBS algorithm 
(Linearized Poisson-Boltzmann Equation) through the PDB2PQR web portal service (ver. 1.7 
http://kryptonite.nbcr.net/pdb2pqr/).  PDB2PQR converted using AMBER force field and APBS 
configuration was default with a solvent radius of 1.4 Å, system temperature of 310 K, protein 
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and solvent dielectric constants of 2.0 and 78.0 .   Rendering of all surfaces and models was 
completed in Pymol Molecular Graphics System (Ver. 1.3, Schrodinger LLC). 
 
xi.  Intracellular Ca2+ monitoring 
 
Assessment of the affects of ASPA on neuronal cell Ca2+ influx was performed 
by Dr. Thomas Murray of Crieghton University School of Medicine (Omaha, NE). 
Primary cultures of neocortical neurons were obtained  from embryonic day 16 Swiss-
Webster mice as previously described  (Jabba et al., 2010).  Intracellular Ca 2+ 
concentration ([Ca2+]i) measurements were made in DIV-10 cerebrocortical neurons 
grown in 96-well plates as described  previously (Cao et al., 2011).  In brief, the growth 
medium was removed and replaced  with dye-loading medium (100 μL/ well) 
containing 4 μM fluo-3 AM (Life Technologies, Grand Island , NY, USA) and  0.04% 
Pluronic acid  in Locke's buffer.  After 1 h incubation in dye-loading medium, the 
neurons were washed 4 times in fresh Locke's buffer (200 μL/ well) using an automated  
microplate washer (BioTek Instruments, Winooski, VT, USA) and  transferred  to a 
FlexStation II benchtop scanning fluorometer chamber.  The final volume of Locke's 
buffer in each well was 100 μL.  Fluorescence measurements were performed at 37°C. 
The neurons were excited  at 488 nm and Ca2+-bound fluo-3 emission was recorded  at 
538 nm at 1.2 s intervals.  The fluorescence was monitored  and  expressed  as (Fmax-F0), 
where Fmax is the maximum and F0 is the baseline fluorescence measured  in each well.  
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CHAPTER 3.  Anti-angiogenic effects of the marine derived  depsipeptide 
theopapuamide and  identification of its analog by CID-MSn analysis 
 
 
Figure 13.  Aurantosides and rubrosides are responsible for the bright-red 
pigmentation of some sponges in the Family Theonellidae. 
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Members of the sponge Family Theonellidae (Order Lithistida) typically have a 
smooth almost fleshy exterior with a rigid  interior of interlocking spicules and  colors 
ranging from shades of bright red  to maroon.  Within this family, the bright red  
pigmentation can be indicative of the presence of aurantosides and  rubrosides, a 
relatively well characterized  collection of tetramic acid  marine dyes (Figure 13).120 
 
Within Theonellidae, Theonella sp. have been highly productive for the d iscovery 
of new marine natural products (Figure 14).  Macrolides like swinholide 121 have been 
isolated  from these sponges and  are of interest for their actin binding activity.  Bioactive 
cyclic peptides and  depsipeptides are also found from this genus, some containing non-
standard  amino acid  residues and  arbitrary sites of methylation at nitrogen and  oxygen 
such as the theonellapeptolides122 or more recently the theopapuamides.123 
 
The theopapuamides are the latest addition to the group of depsipeptides 
containing the unusual amino acid  3,4-d imethylglutamine isolated  from members of the 
Theonellidae family124 and  related  Indo-Pacific sponges (Figure 15).125  Unlike this 
group, theopapuamide does not have anti-HIV activity and  this has been attributed  to 
the lack of a -methoxytyrosine residue.  Together with the aurantosides and  
rubrosides, there is an abundance of compounds with antifungal, antiviral, and  
cytotoxic in vitro biological activities. 
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Figure 14.  Examples of natural products isolated from Theonella sp. 
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Figure 15.  Depsipeptides containing the unusual amino acid 3,4-dimethylglutamine 
with associated biological activity. * unassigned configuration  
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Schmidt et al.126 illustrated  how the marine dyes found in Theonella sp . 
camouflage the isolation of less conspicuous secondary metabolites by successfully 
isolating and  characterizing two cyclic peptides from underneath aurantoside A 
through exhaustive reverse phase HPLC.  From this example and  more recent work 8 it 
is clear that the tetramic acid  dyes can affect the isolation of related  peptides yet to be 
identified .  Even trace amounts of the cytotoxic marine dyes often associated  with these 
sponges can present another challenge to decifer the origin of an observed  biological 
acitivity.  Therefore, the procedures used  to isolate any new peptides as well as obtain 
significant amounts of known metabolites for biological evaluation need  to be 
optimized  to secure more significant yields and  with relatively high purity. 
 
We have developed an improvement to the trad itional methods involved  in the 
purification of the peptide secondary metabolites associated  with Theonellidae.  The 
method provides significant yield  improvement to the isolations of relatively basic 
peptides from the highly acid ic cytotoxic marine dyes, in this case, aurantosides.  The 
adjustment of trad itional solvent-based  crude extraction processes to an aqueous crude 
extraction process provides a d irect route to multi-gram quantities of peptide secondary 
metbolites relatively free of any nuisiance compounds which may lead  to the incorrect 
characterization of their therapeutic use. 
 
Using this extraction process we obtained  significant amounts of pure 
theopapuamide A which has been previously shown to be cytotoxic to a small number 
of neoplasms in vitro.123a  We used  the compound to access its chemotheraputic 
potential against the NCI’s expanded suite of neoplasms representing a variety of 
cancers.127  We also evaluated  the anti-angiogenic properties of theopapuamide A in an 
assay provided  by Eli Lilly & Company’s new Open Innovation Drug Discovery 
program. 
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Theopapuamide was the principle depsipeptide identified  from two members of 
the Theonellidae Family, and the isolation of regioisomers or closely related  analogs for 
structure elucidation and  biological evaluation was unfeasible using standard  RP-HPLC 
techniques.  The higher chromatographic resolution of UPLC coupled  with mass 
detection provided  access to the elucidation of a new N -methyl analog of 
theopapuamide.  The analog was identified  from UPLC-ESI-MS/ MS and its 
regiochemistry described  by comparison of the peptide fragments to the known 
theopapuamide structure.  Although UPLC has not yet breached the semi-preparative 
threshold  that will enable biological evaluations, our identification of a new 
theopapuamide analog using the technology supports its value for the expansion of 
metabolomes associated  with important natural product sources. 
 
A.  Results and  d iscussion 
 
i.  Dereplication 
 
Two species of Theonellidae sponge having the characteristic bright red  exterior 
and  red  to yellow interior were collected  from Manado, Indonesia.  The sponges were 
kept separate although early dereplication efforts by LC-ESI-TOF demonstrated  the 
presence of mutual secondary metabolites including known aurantosides and  the 
depsipeptide theopapuamide (Figure 16). 
 
ii.  Solvent versus aqueous crude extractions 
 
Two kilograms of the Siliquariospongia sp . related  sponge was lyophilized  and  
extracted  with 95% ethanol then fractionated  by normal phase VLC.  Significant 
antifungal activity against Cryptococcus neoformans and  Candida albicans as well as LC-
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ESI-TOF and 1H NMR dereplication identified  a group of similar fractions for further 
purification.  The fractions were combined  and  injected  onto a tandem of C8 and  C18 
Prep-HPLC columns generating over 120 fractions.  Based  on the d istribution of mass in 
each fraction shown in a significant portion of the material injected  during this prep -
scale chromatography eluted  at 50% CH 3CN 50% water.  
 
Mass spectra of these intermediate fractions contain ions at m/z 1560 (M+1) and  
780 (M+2) corresponding to the singly and  doubly charged  ions of the depsipeptide 
theopapuamide as well as weak ions ±14 Da (±7 Da for M+2 ion) indicating closely 
related  theopapuamide analogs with the loss or gain of one methyl group.  Fractions 
eluting before and  after these fractions included many of the known aurantosides. 
 
Following preparative scale HPLC it was observed  that virtually all fractions 
were of a deep red  color, thus it was assumed there was a significant amount of 
aurantoside dyes to negotiate.  Other media conditions including reverse phase C 5 and  
amino in normal phase were attempted  but d id  not provide a quality of separation 
beyond what was achieved  by C18 reverse phase.  
 
In reported  isolation methods120e, 124a from sponges containing aurantosides, the 
final steps of peptide purification used  trad itional C 8 or C18 reverse phase 
chromatography with H 2O/ CH 3CN while intermediate steps used  either HP-20 d iaion 
resin or CN-SepPak chromatography.  Strong cation exchange (SCX) HPLC128 was 
considered  for this intermediate step in the purification of the peptides.   In principle, 
the chemistry behind  SCX would  allow the clean separation of the aurantosides and  
peptides due to their inherent d ifferences in pI and  isolate individual groups of 
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peptides based  on their net charge at fixed  pH.  Figure 17 shows clear d ifference 
between the calculated  pI’s for model compounds aurantoside A and theopapuamide. 
 
 
 
Figure 16.  LC-ESI-TOF chromatograms and corresponding spectra from injection of 
the Siliquariospongia sp. related sponge (A) and Theonella invaginata (B) ethanolic 
extracts.
A 
B 
55 
 
 
Figure 17.  Theoretical net charge of aurantoside A (A, pI = 2.76) and theopapuamide 
(B, pI = 10.83) at different pH. MarvinSketch Calculator Plugins were used for 
structure property prediction and calculation, Marvin 5.1.2, 2008, ChemAxon. 
 
Methods development using SCX-HPLC were attempted , but were not readily 
amendable to the isolation of minor peptide analogs because of the laborious process of 
desalting.  Thus, another approach was developed werein the crude extraction process 
was amended to take advantage of the physiochemical d ifferences between the 
aurantosides and  theopapuamides contained  in the sponge material. 
 
Small scale trials using analogous portions of frozen (wet) sponge material from 
Theonella invaginata were used  to compare extractions at d ifferent pH values.  The 
aqueous extractions were performed in triplicate followed by extraction with 95% EtOH 
to recover the remaining metabolites.  From comparisons of the UV- and  MS-RP-HPLC 
chromatograms and NMR spectra, we determined  that extraction of the sponge material 
in acid ic acqeous media prior to extraction with a trad itional organic solvent yielded  a 
fraction with a significant amount of peptides with only trace amounts of the 
aurantoside dye (Figure 18).  One additional purfication step using preparative reverse 
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phase HPLC yielded  theopapuamide A of high purity.  Scale-up provided  40 mg of 
purified  theopapuamide based  on MS and NMR comparison to reported  values.123a  
 
Figure 18.  UV chromatogram stacked plot of reverse phase HPLC injection of extracts 
prepared by extraction with A) Phosphate buffer pH 2.5; B) Ethanol following 
extraction in A; C)  Phosphate buffer pH 7.0; D) Ethanol following extraction in C.  
Detector wavelength set to 450 nm, a wavelength specific to the aurantoside dyes. 
  
57 
 
iii.  In vitro cytotoxicity of theopapuamide 
 
Table 4.  NCI-DTP in vitro screening sumary with GI50, TGI, and LC50 values. 
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Figure 19.  NCI-DTP mean inhibition values graph for all cell lines.  
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Table 5.  COMPARE algorithm results for theopapuamide . 
Ran
k 
Correlatio
n 
Target Vector Descriptor 
Common Cell 
Lines 
Standard 
Deviation 
1 -0.491 calcium leucovorin (usan) 47 0.321 
1 0.555 cbdca (carboplatin) 58 0.257 
2 -0.294 rp 54780 58 0.806 
2 0.353 cisplatin 58 0.352 
3 -0.222 tamoxifen 58 0.157 
3 0.35 cisplatin 58 0.384 
4 0.319 thio-tepa 49 0.432 
5 0.312 mitramycin 56 0.581 
6 0.302 busulfan 55 0.294 
7 0.285 everolimus 58 1.101 
8 0.284 cisplatin 58 0.403 
9 0.266 chlorambucil 50 0.437 
10 0.257 topotecan 56 0.688 
11 0.253 actinomycin D 58 0.15 
12 0.253 mitoxantrone 58 0.613 
13 0.248 actinomycin D 50 0.972 
14 0.246 mitramycin 55 0.646 
15 0.246 bleomycin 58 0.856 
16 0.246 rapamycin 58 1.088 
17 0.241 
daunorubicin 
(daunomycin) 
56 0.549 
18 0.232 bleomycin 56 0.873 
19 0.23 
daunorubicin 
(daunomycin) 
58 0.584 
20 0.212 actinomycin D 55 0.52 
21 0.212 ammoidin 45 0.073 
22 0.208 topotecan 52 1.218 
23 0.207 vinblastine sulfate 47 0.766 
24 0.203 rapamycin 48 1.677 
25 0.202 nitrogen mustard  55 0.575 
 
Pure theopapuamide was screened  for cytotoxicity in the NCI 60 cell panel.  
After single dose studies, the resulting inhibition values are summarized  in  Table 4 with 
a graphical representation of the Mean GI50 in Figure 19.  The results were used  in the 
COMPARE algorithm 129 to correlate the resulting GI50 activity profile with known 
chemotherapy drugs (Table 5).  The evaluation is based  on Person’s correlation 
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coefficient where fractional numbers between ±0.75 and  ±1 are considered  to have a 
high degree of correlation.  With the largest correlation being 0.56 with the drug 
carboplatin there was no significant comparison found between theopapuamide and  the 
NCI drug database. 
 
iv.  Anti-angiogenic properties of theopapuamide 
 
Assessment of the anti-angiogenic properties of theopapuamide was completed  
as part of the Open Drug Discovery Program sponsored  by Eli Lilly & Company.130  The 
OIDD program targets numerous therapeutic areas.  Anticancer screening is 
accomplished  by way of the d iscovery of drugs that inhibit angiogenesis as observed  in 
a microscopy-based  assay using endothelial/ stem cell co-cultures.131  Compounds of 
interest inhibit the formation of endothelial tubes in cells stimulated  by vascular 
endothelial growth factor (VEGF) while having limited  cytotoxicity as indicated  by 
measurement of feeder cell viability (total nuclei) and  secondary screens involving 
known angiogenic receptor tyrosine kinases. 
 
The images shown in Figure 20 show the effects of theopapuamide and  two 
controls on the endothelial/ stem cell co-culture as observed  under microscope.  Figure 
21 shows the resulting theopapuamide dose response curves for inhibition of 
endothelial tube formation with an IC50 of 0.421 M and the effective cytotoxicity shown 
by the measurement of total nuclei area with an IC50 of 2.221 M.  Followup kinase 
screens are summarized  in  Table 6.  
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Figure 20.  Fluoresence microscopy images from the anti-angiogenesis assay in 
endothelial/stem cell cocultures measuring tube and nuclear area to determine 
efficacy of theopapuamide A.  Positive (Sutent®) and negative (DMSO) controls are 
used to demonstrate the relative effectiveness of the test compound. 
 
These results show theopapuamide has a significant effect on the tube formation 
associated  with angiogensis, however its level of cytotoxicity is of concern and  prohibits 
its use as a potential anti-angiogensis drug.  The mechanism of the inhibition of 
angiogenesis is not clear as there was no inhibition of the receptor tyrosine kinases 
screened .  The theopapuamides mechanism may be a result of ion transport 
mechanisms which cause cell leakage and  cell death.  The isolation of new 
theopapuamide analogs may provide opportunities to minimize its cytotoxic liabilities 
and  develop viable anti-angiogenic leads.  
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Figure 21.  Theopapuamide dose response curves showing calculated IC50 of 
endothelial tube formation along with the IC50 of the total cell nuclei area. 
 
Table 6.  Inhibition of angiogenesis-associated receptor tyrosine kinase. 
Receptor Tyrosine Kinase Inhibition (% at 20 M) 
hEGFR hEPHB4 hFGFR1 hFLT1 hKDR 
23 3 2 7 -6 
hPDGFRa hCHK2 hFLT3 hRock2 hAURA 
-1 19 32 4 0 
hCDC2/ CDK1 hPLK1 hMet hABL1 hALK4 
3 -18 11 -2 16 
hCK1e hGSK3b hJAK2 hJNK1 hKIT 
10 -3 23 -3 16 
hP38a hp70S6K1 hPKCb2 hTIE2 hERK2 
3 -11 0 -37 2 
 
v.  Structure elucidation of a new theopapuamide analog 
 
An ion of relatively low abundance having a mass 14 Da higher than 
theopapuamide appeared  concurrently in the LCMS spectra which indicated  the 
coelution of a theopapuamide analog.  Although reverse and  normal phase mode HPLC 
using various solid  phase materials were tested , chromatographic resolution of the 
63 
 
analog was not achieved .  We abandoned the trad itional isolation approach and  turned  
to the identification of the analog using a higher resolution UPLC system coupled  to an 
Ion Trap MS which provided  the opportunity to capture the molecular ion then perform 
MSn analysis of the ion and  its fragments generated  through collision induced  
d issociation (CID). 
 
 
Figure 22.  CID MSn fragmentations of theopapuamide analog.  
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Figure 23.  CID ion trap MSn analysis of theopapuamide and new theopapuamide 
analog.  
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The 14 Da mass shift was attributed  to a homoisoleucine replacement of the 
leucine in theopapuamide.  This conclusion was based  on the d ifference between m/z 
1173 and  918 fragment ions coming from this region of theopapuamide123a and  
comparison to the analogs fragment ions of m/z 918 and  1188 which suggests the 
d ifference between the two compounds was  located  between the two residues -OMe 
asparagine and  ornithine (Figures 22 & 23).  Further evaluation of the spectra revealed  
the presence of a signal of low abundance at m/z 1045 which matched  a fragment with a 
homoisoleucine rather than leucine.  Biosynthetically, the likelihood is low for this 
additonal 14 Da to be from the substitution of an N-ethyl in the place of the N -methyl at 
this residue, and  homoisoleucine has also been reported  in theopapuamide D,123b which 
further supports the findings.  
 
B.  Experimental procedures 
 
i.  General experimental procedures. 
 
1H and 13C NMR spectra were recorded  on a Bruker AVANCE II spectrometer 
operating at 400 and  100 MHz respectively.  Chemical shifts are reported  in ppm with 
reference to the residual acetonitrile signal from CD 3CN:H 2O (3:1). HPLC was 
performed on either a Waters modular  HPLC system with Automatic Gradient 
Controller, two Waters 510 isocratic pumps and  a Waters 486 single wavelength UV 
detector or the Waters PrepLC system with dual wavelength detector and  Millenium 
controlling software.  LC-ESI-TOF was performed using the Bruker microTOF coupled  
to an automated  Agilent 1100 Series HPLC system with a d iode array detector.  
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ii. Animal material and  peptide purification. 
 
Two sponges were collected  at 140-160 ft from the sandy slopes at the base of the 
reef off Knife Point north of Manado, Indonesia, on September 30, 2003.  The 
identification of the theonellid  lithistid  sponges was based  on samples previously 
collected  from the same location in 2001 and identified  as a possible new genus closely 
related  to Siliquariospongia Hoshino (Sponge A) and  Theonella invaginata (Sponge B).  
Vouchers have been deposited  at the National History Museum, London, United  
Kingdom (BMNH 2001.7.20.4 and  2001.7.20.6). 
 
Frozen sponge A was lyophilized  (dry weight = 553g) then macerated  in 95% 
EtOH to yield  65.3g of crude extract.  The crude was loaded  onto a normal phase VLC 
column and 10x 2 L fractions were generated  using a gradient including hexanes, 
EtOAc, MeOH, and  ending with MeOH:H 2O 50:50.  Fractions 8-10 (25.5 g) were 
combined  based  on their antifungal activity and  1H-NMR then injected  onto a tandem 
of Phenomenex Luna C8 column coupled  to a Prodigy C18 HPLC column (150 and  50 
mm diameter x 250 mm respectively) using a H 2O/ CH 3CN linear gradient at 50 
mL/ min over 2 hours generating over 120 fractions.  Due to the presence of aurantoside 
dye in every fraction, numerous applications of RP-HPLC afforded  limited  quantities of 
impure peptides insufficient for NMR and bioactivity studies.   
 
Frozen Sponge B was lyophilized  (dry weight = 210g) subjected  to extraction 
with phosphate buffered  aqueous solution with pH 2.5 followed by exhaustive 
extraction in 95% EtOH.  The aqueous fraction was concentrated  by rotovap under 
reduced  pressure, filtered  through a 5 micron PTFE filter then flow injected  onto 
Phenomenex Luna C8 (150 x 250 mm) equilibrated  with 98% TFA(0.1%):MeOH with a 
flow of 50 mL/ min.  After 20 minutes of isocratic elution, the inorganic salts were 
67 
 
washed from the column and a gradient elution to 90% MeOH was initiated , eluting the 
peptide and  residual aurantosides in subsequent fractions.  Further reverse phase HPLC 
purification of the peptide fraction yielded  40 mg of relatively pure (ca. 90% based  on 
1H-NMR) theopapuamide A.  The summary of the isolation scheme is shown in  Figure 
24. 
 
Figure 24.  Theopapuamide A isolation scheme. 
 
iii.  Structure elucidation of new theopapuamide analog 
 
Approximately 0.5 mg of the sample was treated  with 1N KOH (200 L) at rt for 
2 h. The reaction mixture was d iluted  with ice, neutralized  with 0.5 N HCl, and  
68 
 
extracted  with n-BuOH. The n-BuOH layer was evaporated  to dryness under streaming 
nitrogen, and  an aliquot was analyzed  by ESIMS to find  the hydrolyzed  products [m/ z 
789.4 (M+2H)2+ and  796.4 (M+2H)2+]. 
 
Sequence analysis was completed  using a Bruker Amazon ETD Ion Trap which 
provided  the opportunity to capture the molecular ion then perform MSn analysis of the 
ion and  its fragments generated  through collision induced  d issociation (CID).  
Comparison of the fragmentation pattern of a base hydrolyzed  sample to the known 
fragments of a hydrolyzed  theopapuamide A 123a enabled  assignment of the planar 
structure.  
69 
 
PART III.  NATURAL PRODUCT FUNCTIONAL STUDIES 
 
CHAPTER 4.  Functional studies of the anxiolytic marine natural product aaptamine in 
domestic fowl chicks 
 
Oceans of the world  offer unique opportunities for the d iscovery of new 
medicines and  molecular tools in neuroscience. The marine sponge Aaptos nigra 
contains a significant amount of the compound aaptamine (Figure 25) whose structure 
contains the dopamine pharmacophore. Aaptamine has been shown to competitively 
antagonize -adrenoceptors in vitro132 and  inhibit monoamine oxidase A (MAO-A).133  
Aaptamine can intercalate DNA with moderate affinity 134 and  demonstrates in vitro 
cytotoxicity in the M range.  The resemblance of the natural product’s structure to a 
common neurotransmitter offers an opportunity to explore receptors and  enzymes 
associated  with neurological functions.  
 
 
Figure 25.  Aaptamine 
 
The semblance of a neurochemical also provides credence that aaptamine may 
effect neurological functions such as the observed  antifeedant behavior reported  in fish 
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models.135  Although it is easy to imagine that the compound serves some defensive or 
signaling role for the sponge, the interaction of this sponge with its environment has not 
been studied  extensively and  the entities that are linked  by the compound have not 
been identified .  Moreover the possibility that microorganisms are the true producers of 
aaptamine complicates the understanding of this system further. 
 
Sponges (Porifera) are animals without a central nervous system, they are among 
the most primitive multicelled  organisms yet they can contract their bodies and  close 
their oscules in a concerted  fashion regulating the flow of water and  enabling control of 
filtration.  It has been shown in several Porifera 136 and  d ifferentiated  sponge cells137 that 
contraction can be regulated  through trans-membrane receptors that respond to GABA 
and glutamate.  However, several d ifferent neuroactive chemicals such as serotonin 
have been detected  histochemically or shown to affect  the contractions of Porifera 
raising questions about the evolutionary relationship between Porifera and  other 
members of Animalia Kingdom.138 
 
Modeling of anxiety presents several challenges due to its overlap in symptoms 
and morbid ity rates with depression.  The remedy for this conflict has been the 
development of hybrid models whereby anxiety and  depression can be modeled  
independently but within the same experiment.  Modeling in domestic cockerels (Gallus 
gallus) has been shown to be predictive of clinical trial outcomes for anxiolytics and  
antidepressants previously  screened  in rodents.139  The hybrid  model has the benefit 
that both phases can be tested  together or separately with clearly distinct vocalization 
phases being observed.   
 
A tail suspension test of aaptamine in rodents was considered  statistically 
negative and   the forced  swim test demonstrated  moderate antidepressant effects 
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although the dose response of the compound appeared  shallow with only a 36% 
reduction of immobility time in the highest dose (20 mg/ kg).140  Aaptamine was then 
tested  in the chick social separation-stress model141  for anxiolytic effects.  The test 
showed that separation-induced  d istress vocalizations were significantly attenuated  in 
isolated  chicks receiving from 10 to 15 mg/ kg aaptamine.142   
 
Since aaptamine is a water soluble compound, it may not cross the blood -brain 
barrier but affect other available CNS receptors that modulate anxiety in the chick.  The 
intrinsic physical and  biological properties of aaptamine make it a candidate for drug 
development in addition to its potential utility for neuropharmacology studies. Beyond 
contributions towards understanding aaptamine’s ecological purpose, identifying a 
putative mechanism of anxiolytic activity in vivo may open the door to further 
medicinal chemistry studies. 
 
A.  Results and  d iscussion 
 
i.  Biogenic amine receptor studies 
 
Table 7 summarizes the results of the secondary and  primary binding assays for 
aaptamine at receptors having greater that 50% inhibition in the associated  primary 
assay.  The receptors tested  in the primary and  secondary assays were cloned  from 
rodents.  The proposed  functions of aaptamine at the receptors having greater affinity 
were supported  by previous results.  5HT-6 and  7 antagonists reduce anxiety related  
behaviors in animal models.143  The agonism of 2-adrenoceptors increase symptoms of 
panic d isorder, but in a chick model 2 agonist yohimbine reduced  vocalizations.141  
Previous results of functional studies with the D4 dopamine receptor indicated  that it 
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d id  not affect anxiety in mice.144  Another study in chicks showed that -opiate agonism 
produces anxiolytic behaviors.145  The results of the in vitro assays and  information from 
previous studies in animals were used  for the design of in vivo functional studies based  
on drug challenges. 
Table 7.  Summary of the in vitro evaluation of aaptamine against several 
neurological receptors and enzymes. Assays with poor or undetected binding are 
hyphenated. 
Receptor 
Ki /  IC50 
(nM) 
Proposed  
Function 
Serotonin   
5ht1a - - 
5ht1b - - 
5ht1d  - - 
5ht1e - - 
5ht2a - - 
5ht2b 5930 - 
5ht2c - - 
5ht3 - - 
5ht5a 2787 - 
5ht6 736 Antagonism 
5ht7 613 Antagonism 
SERT - - 
Adrenergic  - 
Alpha1B - - 
Alpha1D 870 - 
Alpha2 Non-
Selective 
505 Agonism 
Alpha2A - - 
Alpha2C 794 - 
Beta3 - - 
Benzodiazepine  - 
Peripheral - - 
Opiate   
149 Agonism 
- - 
- - 
Receptor 
Ki /  IC50 
(nM) 
Proposed  
Function 
Dopamine  - 
Dopamine, 
Non-Selective 
- - 
D2 2343 - 
D4 626 Uncertain 
D5 - - 
DAT - - 
GABAergic  - 
Non-selective - - 
GABA-B - - 
Histamine  - 
H1 - - 
H2 - - 
H3 - - 
H4 - - 
Muscarinic  - 
M1 - - 
M2 - - 
M3 1775 - 
M4 >10,000 - 
M5 6456 - 
Monoamine 
oxidase 
  
Type A 343 Inhibitor 
Type B - - 
Norepinephrine   
NET - - 
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ii.  In vivo anxiolytic challenges 
 
Four in vivo receptor functional studies were designed  for the chick model using 
appropriate compound challenges (Figure 26) for aaptamine’s proposed  function.  
Figures 27-30 show the results of these challenge studies for the 2, -opiod , 5HT6 and 
5HT7 receptors. The results showed no reversal of the anxiolytic activity of aaptamine 
among the four drug challenges performed. 
 
Figure 26.  Structures of challenge compounds with their reported activity.  
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Figure 27.  Mean vocalizations (±SEM) as a function of yohimbine (antagonist) dose 
for chicks that received aaptamine (10 mg/kg) or vehicle under treatment conditions 
of isolation. The increased vocalizations in the vehicle administration implicates an 
unrelated mechanism for aaptamine. 
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Figure 28.  Mean vocalizations (±SEM) as a function of naloxone (antagonist) dose for 
chicks that received aaptamine (10 mg/kg) or vehicle under treatment conditions of 
isolation. The latent increase of vocalizations in the vehicle administration implicates 
a unrelated mechanism for aaptamine. 
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Figure 29.  Mean vocalizations (±SEM) as a function of EMD (agonist) doses for 
chicks that received aaptamine (10 mg/kg) or vehicle under treatment conditions of 
isolation. The vocalizations are potentiated in the aaptamine administration. 
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Figure 30.  Mean vocalizations (±SEM) as a function of AS19 (agonist) doses for 
chicks that received aaptamine (10 mg/kg) or vehicle under treatment conditions of 
isolation. The vocalizations are potentiated in the aaptamine administration. 
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iv.  Discussion 
 
Although yohimbine and  naloxone effects in the chick anxiety model have been 
well established 141, 145 the commercially available EMD and AS19 5HT agonists have not 
been studied  in avian models previously.  The possibility remains that aaptamine may 
alter monoamine levels and  it is proposed  that a comparative study of monoamine 
levels between iproniazid  and  aaptamine could  provide evidence in this regard . 
 
B.  Experimental procedures 
 
i.  General information 
 
Yohimbine and  Naloxone were purchased  from Sigma-Aldrich Chemical 
Company Inc. EMD386088 and AS19 were purchased  from Tocris Bioscience Inc. Assay 
procedures were approved by The University of Mississippi IACUC (Protocol No. 07-
010) and  were conducted  in accordance with the principles of laboratory animal care as 
detailed  in the National Institutes of Health Guide for Care and  Use of Laboratory 
Animals (Publication No. 85-23, revised  1985). 
 
ii.  Biogenic amine receptor studies 
 
Relevant neurochemical receptors were screened  for binding affinity by the 
Psychoactive Drug Screening Program (University of North Carolina, Chapel Hill, NC, 
USA) (For experimental details please refer to the PDSP web site 
http:/ / pdsp.med.unc.edu/  and  click on "Binding Assay" or "Functional Assay" on the 
menu bar).  Primary assays having greater than 50% inhibition of competing agents 
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were screened  for Ki determinations.  Resu lts and  methods from the remaining 
enzymes and  receptors mentioned  were previously described .142 
 
iii.  In vivo anxiolytic challenges 
 
Experiments were conducted  in socially-raised  domestic fowl chicks (Gallus 
gallus; W36 strain: Cal-Maine Foods, Mendenhall, MS, USA) at 6 days post hatch. 
Vehicle (DI water) and  aaptamine (10 mg/ kg) as well as the appropriate drug 
challenges were administered  intramuscularly 15 min before tests. Samples sizes were 
primarily n = 11-12, however some subjects were dropped from high challenge dosages 
due to adverse effects. Chicks were placed  in isolation in Plexiglas
®
 chambers located  in 
a sound attenuating apparatus for a 3 min test period . Measurements collected  included 
the number of d istress vocalizations.  Animals were retu rned  to their home cage 
following the test. 
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CHAPTER 5.  Latrunculin with a highly oxid ized  thiazolid inone ring: structure 
assignment and  actin docking 
 
Adapted  From Ahmed, S. A.; Odde, S.; Daga, P.R.; Bowling, J.J.; Mesbah, M.K.; 
Youssef, D.T.; Khalif, S.I.; Doerksen, R.J. and  Hamann, M.T. (2007) “Latrunculin with a 
Highly Oxid ized  Thiazolid inone Ring: Structure Assignment and  Actin Docking.”  Org. 
Lett.  9(23): 4773-4776 with permission. 
 
Latrunculins A and B (Figure 31) were first isolated  from Negombata magnifica 
(Keller) (formerly Latrunculia magnifica), d iscovered  from the Red Sea.146  Among the 
characteristic features of these natural products is the presence of a macrocyclic lactone 
moiety of 14 or 16 carbon atoms and a 2-thiazolid inone moiety (Figure 31).147  In vitro 
experiments revealed  that the latrunculins d isrupt actin polymerization,148 a possible 
target for cancer.149 
 
 
Figure 31.  Latrunculins A (1) and B (2) and oxolatrunculin B (3). 
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A recent study has also reported  antimigratory and  antiangiogenic activities of 
latrunculins, add ing to their possible utility in the control of cancer.150  In addition to 
significant ichthyotoxic and  cytotoxic properties, the latrunculins are also active against 
herpes simplex type 1 virus (HSV-1).151 
 
Several new latrunculins including natural, synthetic or semisynthetic analogs 
have been reported  recently.150, 152  We report here the structure assignment and  
bioactivity of a unique new latrunculin, oxolatrunculin B (3) which possesses a novel 
and  highly oxid ized  2-thiazolid inone ring.  Molecular modeling of 1–3 in the actin 
monomer active site was utilized  as a predictor of biological activity. 
 
A.  Results and  d iscussion 
 
i.  Isolation and  structure elucidation of latrunculins 
 
The Red Sea sponge N. corticata was extracted with MeOH/ CH 2Cl2.  Silica 
column chromatography of the extract afforded  several fractions, one of which yielded  
metabolite 3.  HRTOF-MS of 3 d isplayed  a molecular ion peak at m/z = 442.1551 [M-H]
−
 
supporting the molecular formula C20H 29SO8N.  Comparison of the MS data of 3 and  2 
revealed  an increase of 48 mass units.  Addition of three oxygen atoms satisfied  the 
formula d ifference giving a calculated  mass of m/z = 442.1536 [M-H]
−
.  Further evidence 
for this was confirmed by combustion analysis that showed 53.6% carbon, 6.51% 
hydrogen, 3.16% nitrogen, 28.6% oxygen and  6.34% sulfur.  13C NMR indicated  that the 
carbon skeleton of 3 consisted  of two methyl carbons, seven methylenes, seven 
methines and  four quaternary carbon atoms, which are identical to the carbon 
multiplicities of 2 (Table 8).  The 13C NMR chemical shifts for the 14-membered  and  
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tetrahydropyran rings were in close agreement with those of 2 revealing that additional 
oxygenation must occur at the heteroatoms.  Significant d ifferences were found in the 
chemical shifts of the carbons and  hydrogens of the thiazolid inone ring.  The C-17 
resonance shifted  downfield  from δ28.5 to δ49.9 indicating the introduction of a 
neighboring oxygen atom.  C-16 shifted  slightly upfield  so the only possible position for 
oxidation was at the sulfur atom.  C-18 also moved upfield  from δ175.3 to δ157.3.  The 
chemical shift of the carbonyl carbon of a 5-membered  lactam ring will move upfield  
around 15ppm when the lactam nitrogen is hydroxylated .153  It has also been shown that 
oxygenation of the sulfur atom adjacent to the carbonyl of a 5-membered  thiazolid inone 
will move chemical shifts upfield  by ~10 ppm.  This suggested  that two of the three new 
oxygen atoms are at the S and  the last is a hydroxy group at N.  Further evidence for 
this was the d isappearance of the H -N at δ6.1. In addition the amide IR absorption in 2 
is absent in 3 and  a new absorption at 1756 cm -1 appeared , ind icating the presence of a 
CONOH system.154  The OH band at 3448 cm -1 is significantly increased  in intensity for 3 
ind icating the presence of two OH groups in 3 versus one OH group in 2. The IR 
showed a strong band at 1051 cm -1 ind icating the presence of an SO 2 moiety.
155  
Inclusion of three oxygen atoms on the thiazolid inone moiety increases its 
electronegativity and  explains the downfield  shift of C-15 from δ97.2 to δ104.3.  HMBC 
showed important 3J correlations of H-16 with C-18, C-14 and  C-15; and  of H-17 with C-
18 and  C-15. 
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Table 8.  13C (100 MHz) and 1H (400MHz) COSY and HMBC NMR spectroscopic data 
in CD 3OD. 
No. δC (2) δC (3) δH (3) J (Hz) HMBC 
1 
2 
3 
4 
 
5 
 
6 
7 
8 
9 
 
10 
 
11 
12 
 
13 
14 
 
15 
16 
17 
 
18 
19 
20 
165.6 
118.0 
154.7 
35.8 
 
26.9 
 
127.6 
135.9 
28.9 
31.2 
 
31.2 
 
62.6 
35.4 
 
68.7 
31.8 
 
97.7 
61.8 
28.7 
 
175.3 
24.1 
22.3 
166.3 
117.9 
157.9 
35.9 
 
26.4 
 
128.1 
135.2 
28.7 
31.0 
 
34.6 
 
65.2 
30.7 
 
67.5 
34.2 
 
104.3 
57.8 
49.6 
 
157.3 
24.8 
21.3 
 
5.60 (s) 
 
1.97 (m) 
3.05 (m) 
2.15 (m) 
2.70 (m) 
5.40 (ddd) 
5.00 (dd) 
2.70 (m) 
1.10 (m) 
1.70 (m) 
1.70 (m) 
1.70 (m) 
4.50 (m) 
1.40 (m) 
1.60 (m) 
5.20 (m) 
2.15 (m) 
2.44 (d) 
 
4.00 (m) 
3.00 (m) 
3.20 (d) 
 
1.96 (s) 
0.90(d) 
 
 
 
 
 
 
 
11.2, 11.2, 3.0 
10.8, 10.8 
 
 
 
 
 
 
 
 
 
 
15.2 
 
 
 
14.4 
 
 
6.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13 
11 
 
11, 15 
15,16 
 
 
14, 15, 18, 17 
15, 16, 18 
 
ii.  G-actin molecular modeling and  binding prediction 
 
We used  molecular modeling to calculate the binding affinity of 3 in G-actin.  X-
ray crystal structures of 1 bound to G-actin, such as 1RDW.pdb,156 (Figure 32) showed 
the  binding site of 1, but there was no X-ray structure available for other latrunculins 
bound to actin. 
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Figure 32.  Overlay of 3 (green C, from an MD snapshot), displaced away from the 
active site compared to 1 (purple C, from 1RDW), in G-actin (cyan C). H-bonding 
interactions of 3 are shown (yellow dashed lines), including to a crystallographic 
water (red O). 
 
Latrunculins 1 and  2 each docked into 1RDW with a highly similar pose to that 
of the X-ray structure of 1 in actin, as also found in the docking studies of Fürstner et 
al.152   Oxolatrunculin 3 docked in a similar pose to that of 1 and  2, but despite the two 
extra polar functional groups in 3, the docking scores (Table 9) pred icted  poor binding 
of 3 with actin, with lower GOLD and Chem scores and  poorer estimated  G.  Since in 
docking the receptor is fixed , w e proceeded to carry out molecular dynamics (MD) 
simulations and  binding free energy calculations using the MM-PBSA/ GBSA method 
implemented  in AMBER 8.0,157 in water with the entire protein flexible.  The major 
favorable contributions to binding were Van der Waals and  electrostatic terms (Table 9).  
In the MD simulations, an H -bond to Glu207 was similar for 1–3 and  was persistently 
maintained . Partial d isplacement of the macrocyclic ring of 3 away from the active site 
and  smaller macrocycle ring size compared  to 1 (Figure 32) resulted in decreased  
electrostatic and  van der Waals energies of 3.  Compound 3 showed water-mediated  H-
bonding of NOH with Asp157, whereas for 1 the NH…Asp157 interaction does not 
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need  water-assistance (1RDW).  Our theoretically most reliable result, from MM-
PBSA,159 reveals a poorer binding free energy for 3 compared  to 1 or 2, by 20.6 or 6.5 
kcal/ mol, respectively. 
 
Table 9.  Docking scores and binding energies ( E) and free energies ( G) for 
latrunculins 1-3 (energies in kcal/mol). 
 
 
Molecular Docking Molecular Dynamics Simulations 
Gola Chem a Gb Eele Evw GA G
c Gd 
1 90.7 36.4 -37.5 -54.9 -52.9 -6.68 -43.2 -35.5 
2 70.0 34.5 -38.6 -40.6 -40.6 -6.19 -26.6 -21.4 
3 58.6 20.3 -31.9 -36.8 -39.4 -5.92 -22.3 -14.9 
a Docking scores; b Estimate from ChemScore; c MM-GBSA; d MM-PBSA. 
 
iii.  Inhibition of actin polymerization and  related  bioactivity 
 
In an assay designed  to measure inhibition of actin polymerization, the EC 50 of 2 
was determined  to be 2.56 M (Figure 33), which is consistent with previous empirical 
evidence reporting comparisons with 1.148, 157  A relative comparison of the percent 
inhibition of actin polymerization by 2 and  3 showed that 3 had  significantly less 
potency.  This matched  well with the molecular modeling results, in which 3 binds 
much more weakly than 2 (Figure 34). 
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Figure 33.  Data analysis of actin polymerization assay.  Chart A shows the kinetic 
profile (baseline corrected fluorescence) of the polymerization reaction of pyrene-
labeled rabbit skeletal muscle actin (0.2 mg/mL) in the presence of various 
concentrations ( M) of latrunculin B and a 1% DMSO control.  Chart B shows the 
resulting dose response plot of the percent inhibition of Vmax relative to the DMSO 
control versus log concentration. The fit of the dose response curve (R2 = 0.99) 
provided an EC50 = 2.56 M for latrunculin B.  
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Antifungal activity of 3 against Saccharomyces cerevisiae NRRL Y-2034 showed an 
MIC value of 56 M vs. 127 M for 2.  Cytotoxicity of 3 was evaluated  against several 
cell lines includ ing HepG2, HCT-116 and 1301.  3 showed nonspecific cytotoxicity 
against solid  tumor cells and  hematopoietic cancerous cells.  3 was more potent against 
hepatocellular carcinoma than 2 or latrunculin T, with MIC values of 16.34 M for 3, 
19.27 M for 2, and  34.72 M for latrunculin T.  Considering the evidence presented  
above that 3 binds more weakly than 2 to actin, the stronger cytotoxic activity of 3 
compared  to 2 suggests that there is an alternate target to actin for latrunculin 
bioactivity or the compound is reduced  in situ  and  acts as a prodrug. 
 
 
Figure 34.  Relative inhibition (DMSO control) of actin polymerization by latrunculin 
B (2) at the predetermined EC50 ( M) compared to various concentrations ( M) of the 
oxolatrunculin B (3) analog. Some inhibition is indicated at the highest concentration 
tested (15 M).  
0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
2 
2.
56 M 
3 
0.
15 M 
3 
1.
50 M 
3 
1
5.0 M 
6
2.7% 
3
.1% 
2
.0% 
1
1.7% 
88 
 
B.  Experimental procedures 
 
i.  General information 
 
The 1H and 13C NMR spectra were measured  on a Bruker 400 spectrometer and  
mass spectrometry data was generated  on a 1100 Series LC/ MSTOF spectrometer. 
Optical rotations were determined  on an Auto Pol IV automatic polarimeter. IR spectra 
were measured  by Bruker IR spectrophotometer range 400-4000. Semipreparative 
HPLC was performed using 5μm ODS column 250 X 10 mm (i.d) (Luna, Phenomenex, 
USA.). The detector was set at λ 235 nm. 
 
ii.  Animal material and  latrunculin purification 
 
Negombata corticata, Carter (coll. no. SAA-8) was collected  by hands using SCUBA 
at depths of 15-20 m from Safaga at the Egyptian Red Sea. The sponge materials were 
frozen immediately and  kept frozen at -20°C until processed . The voucher specimen is 
deposited  at the Zoological Museum of the University of Amsterdam, under 
registration No. ZMAPOR. 18569. 
 
A specimen of the sponge Negombata corticata was lyophilized  (400 gm dry 
weight), ground and extracted  with a mixture of MeOH/ CH 2Cl2 2 (1:1) (3x2 L) at room 
temperature. The extract was evaporated  under vacuum to afford  100 g of  a red  oil. 
This extract was subjected  to vacuum liquid  chromatography on a flash silica gel using  
a hexanes, EtOAc and MeOH gradient. Fractions eluted  from 30 to 60% ethyl acetate in 
hexanes were combined , concentrated  to afford  10g of a reddish residue. Purification of 
this fraction was carried  out by flash column  chromatography on silica gel using 
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hexane:ethyl acetate (85:15). The less polar fractions were  combined  and  
rechromatographed by flash column chromatography on silica gel using the same  
solvent system. Further purification was carried  out on Sephadex LH-20 using 
methanol: chloroform (1:1). Final purification was carried  out on C18-RP-HPLC using a 
mobile phase consisting of acetonitrile and  water (60:40 v/ v) to afford  2 (200 mg).  
Compound 2 was identified  by comparison of their spectroscopic properties to those in 
the literature.145a 
 
Fractions eluted  from 70% ethyl acetate in hexanes to ethyl acetate were 
concentrated  to afford  7g of reddish residue. Purification of this fraction was carried  out 
by flash column chromatography on silica gel using chloroform and increasing gradient 
of methanol until reaching 15% methanol in chloroform. Fractions 102-125 (eluted  with 
10 % methanol in chloroform) were concentrated  to afford  75 mg of yellow oily 
compound. Final purification was carried  out on Sephadex LH -20 using as an eluent 
methanol to afford  3 (40 mg). 
 
oxolatrunculin B (3): White oil, Rf =0.22, 20% methanol in chloroform.   + 
46.7 (c 0.03, MeOH). IR (KBr) (thin film) ν max 3448, 2954, 1756, 1701, 1632, 1187 cm -1; 
mass spectrum HR-ESI-TOF-MS: found m/z 442.1551 [M-H] (C20H 28SON, 442.1541, 
calcd) 1H NMR (CD3OD, 400 MHz) and  
13C NMR (CD3OD, 100 MHz), see Table 8. 
 
iii.  Binding prediction 
 
Several X-ray co-crystal structures of latrunculin A (1) bound to actin d imer are 
available in the Protein Databank.  The highest resolution structure has a resolution of 
2.0 Å (1ESV.pdb, R = 0.228).159  Comparison with other slightly lower resolution 
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structures revealed  that E207, one of the active site residues involved  in hydrog en 
bonding with 1, is missing in the 1ESV structure.  We instead  used  another published  X-
ray co-crystal structure containing G-actin, ATP and 1, 1RDW.pdb (2.3 Å resolution, R = 
0.162)156 for docking.  A conformational search using the force field  MMFF94 in Sybyl 
7.2160 showed the conformation of 1 taken from 1ESV to be the lowest energy one, with 
the pyran ring in a chair conformation. 2 and 3 were aligned  with this putative bioactive 
conformation and  minimized  before docking.  1RDW contains Mg +2 ions and  ATP. The 
Mg+2 ions and  water molecules were removed from the complex.  This structure was 
used  for docking studies using the GOLD 2.0 docking tool.161  For docking, the active 
site of the protein was defined  as the pocket formed by atoms within a 10 Å sphere 
centered  on the O of Glu207 which is involved  in H -bonding to the ligands. For each 
docking run, GOLD genetic algorithm was used  to generate 100000 solutions.  Number 
of populations was set to 5; selection pressure was 1.1.  Docking was attempted  into 
actin with and  without ATP for 1-3.  The presence of ATP in the ad jacent pocket d id  not 
affect the binding of 1-3.  For 1, GOLD was able to reproduce the same docking pose 
found in the X-ray structure.  Two d ifferent scoring functions were used  for docking 
studies: GOLD Score and  ChemScore. 
 
To further investigate the structure and  dynamic stability of these protein -ligand 
complexes and  to understand  the active site dynamics, molecular dynamics simulations 
for latrunculins A and B and oxolatrunculin were carried  out in explicit water.  The 
structures of 1-3 in actin were taken from the best docking poses.  Partial atomic charges 
for the inhibitors were derived  by employing HF/ 6-31G* geometry optimizations and  
calculations of the electrostatic potential, to which the charges were fitted  using the 
RESP fitting technique.  The HF optimizations and  electrostatic potential calculations 
were done using the Gaussian suite of programs.162  Partial charges and  force field  
parameters were generated  using antechamber in AMBER 8.0.163  To neutralize the total 
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charge of the system, chloride counter ions were added and  then the protein -ligand 
complex model was solvated  w ith TIP3P water using a truncated  octahedron periodic 
box.  The water box was extended up to 12 Å away from the solute atoms.  
Crystallographic water molecules were also included in the system.  In our molecular 
mechanics and  molecular dynamics simulations, particle mesh Ewald  (PME) was 
employed to control long range electrostatic interactions.  The AMBER03 force field  was 
used  to establish the potentials of the protein and  the general AMBER force field  (gaff) 
was used  for the inhibitors.  After initial min imization, the system was heated  for 50 ps 
and  the density was allowed to equilibrate for a further 50 ps using weak restraints on 
the complex, followed by 500 ps of constant volume equilibration at 300 K.  All 
simulations were run with SHAKE on hydrogen atoms, a 2 fs time step and  Langevin 
dynamics for temperature control.  The production phase of the simulation was run 
using the same conditions as the final phase of equilibration to prevent an abrupt jump 
in the potential energy due to a change in simulation conditions.  Finally 2 ns 
production simulations for each ligand were completed , record ing the coordinates 
every 10 ps for use in the binding energy calculations.  The reliability of the MD 
simulations was demonstrated  by the stability of the whole com plex during the 
simulations. 
 
The binding free energies of the latrunculins with G-actin were calculated  using 
the Molecular Mechanics Poisson-Boltzmann Surface Area/ Generalized -Born Surface 
Area (MM-PBSA/ GBSA) method.157 In this approach the free energy is calculated  for 
the complex, protein, and  inhibitor based  on snapshot structures taken from a single 
MD trajectory of the complex (single trajectory protocol). The method can provide 
calculated  binding affinities within 1 kcal/ mol of the experimental bind ing free energy 
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determined  from the equilibrium constant for the complex, Ki.
164  The binding free 
energy in solution (ΔGb) is calculated  as 
 
=  +  +  −  
 
 and   are electrostatic and  van der Waals interaction energies between 
the inhibitor and  receptor and  ΔGsol is the solvation free energy composed  of two 
components, the polar and  nonpolar contributions to the solvation.  The polar 
contribution to solvation was calculated  using the Generalized  Born (GB) model165 and  
the nonpolar solvation was determined  using the following equation: 
 
 =  
 
where  is the surface tension, set to 0.0072 kcal mol-1 Å -2, and  SASA is the solvent 
accessible surface area (Å2) determined  using the linear combination of pairwise 
overlaps (LCPO) model.164  In this study, we calculated  relative binding affinities, so the 
more computationally-intensive conformational entropy term (−TΔS) was neglected  in 
the energy estimation.  The interior d ielectric constant was set to 2.0, and  the outer 
d ielectric constant was set to 80.0. We compared  the binding free energy obtained  with 
the MM/ PBSA method with explicit solvent to that obtained  with MM/ GBSA in which 
the solvent is represented  as a continuum. 
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iv.  G-Actin polymerization assay 
 
Pyrene-labeled  rabbit skeletal muscle actin and  other assay supplies were 
provided  by the actin polymerization kit (cat# BK003) purchased  from Cytoskeleton 
(Denver, CO). Actin polymerization kit components (pyrene muscle actin, actin 
polymerization buffer and  ATP) were reconstituted  according to company 
specifications and  sp lit into aliquots for storage at -70 °C.  Test compounds were 
prepared  in 10% DMSO solutions in 10 mM Tris-HCl buffer (pH 7.5), titration of test 
compound solutions into assay wells produced the specified  compound concentration 
in 1% DMSO solutions.  Assays were run in a Greiner type 96 well plate and  the final 
concentration of pyrene actin in each well was 0.2 mg/ mL.  Flourescence was measured  
on a Perkin Elmer Wallac 1420 multilabel counter.  Before initiation of the 
polymerization reaction, each well was scanned for 20 minutes to establish a baseline.  
After initiation of polymerization, kinetic plots were p roduced from 65 scans with 45 
seconds between each scan.  Fluorescence was measured  from the top using an 
excitation filter of 355 ± 20 nm and a long pass emission 400 nm filter.  Plotting and  
statistical analysis was performed using Microsoft Excel. 
 
Latrunculin B (2) was d iluted  in the provided  vial to 1 mg/ mL (2.54 mM) in 
DMSO.  From this solution a 50% series d ilution was prepared  with DMSO provid ing 
six concentrations.  These six concentrations were tested  along with DMSO and buffer 
only controls for the relative inhibition of actin polymerization.  In order to determine 
the EC50 of 2 in this assay, the Vmax for each reaction was determined  by calculating 
average velocities within 12 minute windows.  In a dose response fashion, the Vmax was 
then plotted  against the Log10 of each final well concentration.  The data was fit using a 
3rd order polynomial and  the resulting equation was used  to solve for the EC 50. 
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Oxalatrunculin B (3) was prepared  in three concentrations (1500, 150, and  15 M) 
in DMSO.  These various concentrations of 3, a DMSO control and  2 prepared  at the 
previously determined  EC50 were assayed  as described  above.  Using the calculated  Vmax 
for each sample, the results were reported  as the percentage of polymerization 
inhibition relative to the DMSO control.  This provided  a measure of the inhibition 
relative to latrunculin B.  
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PART IV.  UTILIZING ABUNDANT NATURAL PRODUCTS 
 
CHAPTER 6.  Abundant ketone isolated  from oily Plakortis sponge demonstrates 
antifouling properties 
 
Adapted  From Bowling, J.J.; Mohammed, R.; Diers, J.A. and  Hamann, M.T. 
(2010) “Abundant Ketone Isolated  from Oily Plakortis Sponge Demonstrates Antifouling 
Properties.”  Chemoecol. 20(3): 207-213 with permission. 
 
Marine sponges are sessile organisms which not only facilitate their collection for 
chemistry studies but expose them to natural predation or parasitism and it has been 
generally ascribed  that sponges must protect themselves using chemical defences.167  
When compounds are structurally unique or present at unusually high concentrations, 
it has also been assumed, often without observational or experimental evidence that 
they perform some sort of ecological function.168   
 
Many natural products isolated  from sponges have shown significant 
pharmaceutical potential.169  However a more ecologically relevant use of these marine 
secondary metabolites could  be the prohibition of organisms which foul submerged 
surfaces.170  Biofouling is generally associated  with the settlement of benthic organ isms 
on any suitable substrate.  The colonization of microorganisms on such substrates may 
even foster the development of fouling organisms.  Sponges are certainly vulnerable to 
biofouling and  some have evolved  to defend against this specific hazard .165b   
96 
 
Small molecular weight compounds of some sponges have been found to impart 
odours.  A few have been characterized  as nauseating 171 or reminiscent of garlic.172  
Pawlik et al. demonstrated 173 that a seemingly unpleasant odour does not necessarily 
indicate that the associated  compound or chemical complex d irectly affects predation 
by fish.  It was further suggested  that either the malodorous components have an 
influence on fouling organisms or the odours simply coincided  with waste production.    
 
Certain sponges of the genus Plakortis (Figure 35) can be oily to the touch and  
have been associated  with a fragrance sometimes referred  to as a “terpenoid” or 
“fruity” smell.174  Faulkner and  Ravi175 claimed that the “sweet-smelling” odour of P. 
zygompha was due to its principle component (Z)-7-methyl-4-octen-3-one.  On the other 
hand, origins of the characteristic smell in other sponges may not be attributed  to this 
compound alone considering a more recent analysis of P. angulospiculatus and  the 
“fruity” smelling P. lita.174b   
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Figure 35.  Floridian Plakot is sp. in situ.  Image Credit: Prof. Russel Hill, UMBI 
 
Samples of Plakortis sp . were collected  from Jamaican and  then later Florid ian 
waters; both were emitting a generally characterized  pleasant smell.  A large quantity of 
the principle component responsible for the smell in the sponge was isolated  by cryo -
trapping and  identified  as the oily ketone, n-decan-2-one.  Although ketones have been 
reported  as members of a chemical complex in Plakortis,174b, 175-176 n-decan-2-one has not 
been previously described  as a principle secondary metabolite of a marine sponge, 
although it is an established  product of cheeses177 and  plants.178  
 
The oil obtained  from the Jamaican Plakortis sponge was tested  in biofouling 
associated  studies in vitro to examine practical aspects of its expected  ecological 
function.  Results from a reattachment assay using Dreissena polymorpha (zebra mussels, 
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ZM) indicate that the oil d ramatically effects their attachment.  Additional studies of the 
ketone demonstrated  that it inhibited  attachment of the Gram negative bacteria 
Escherichia coli on glass wool used  to simulate sponge tissue.  Distribution analysis of 
the oil in a comparable Florid ian Plakortis was inconclusive for any tissue-specific 
localization for defensive purposes. 
 
Nonetheless the in vitro evidence supports the proposed  function of the oil in 
nature and  underlines a prospective improvement for environmentally benign marine 
coatings. 
 
A.  Results and  d iscussion 
 
i.  Extraction and  identification, and  d istribution of oil 
 
Sponges of the genus Plakortis can be oily and  have a pleasant smell which may 
be associated  with a chemical defence.  Extraction of the lipophilic oil was performed to 
identify the principle component and  examine the putative ecological impact on its 
environment. The extraction of the Jamaican sponge produced 1g (ca. 0.2% of the wet 
weight) of a fragrant oil.  Close inspection of 1D and 2D NMR data for the oil suggested  
the structure as n-decan-2-one. GC/ MS analysis of the oil ind icated  that it was highly 
pure and  matched  commercially available n-decan-2-one based  on retention time and 
NBS/ IAR screening.  
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Figure 36.  Diagram of the sections removed from a brown Floridian Plakortis sponge 
and the percent yields of the associated oil within as determined by GC-MS of the 
principle component. Because of differences in the principle component found in the 
extract of the sponge collected from Floridian waters a n-nonan-3-one standard 
(instead of n-decan-2-one) was used with a regression analysis (R2 = 0.99) to 
determine yields of the lipophilic oil in each section. 
 
The Florid ian sponge oil was d ifferent in regards to its principle component. 
GCMS of the hexane extract contained  only n-nonan-3-one as suggested  by screening 
the NBS/ IAR spectral database.  The yields of the extracted  oil were calculated  relative 
to each tissue section’s wet weight and  Figure 36 clearly represents how the oil has a 
relatively equal d istribution throughout the sampled  sponge tissues. 
 
ii.  Inhibition of zebra mussel reattachment 
 
The ZM reattachment assay was performed in order to study th e ability of the oil 
to inhibit similar bivalves in nature (Figure 37). The results were apparent as 28 ZMs 
attached  to the control PVC substrate (20 attached  to the test d ish) and  zero attached  to 
the n-decan-2-one treated  PVC substrate (46 attached  to the test d ish). There were only 6 
ZM mortalities (two in the control and  four in the treatment group) in the post exposure 
which d id  not ind icate broad  spectrum toxicity. 
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Figure 37.  ZM reattachment assay with n-decan-2-one treated and untreated (negative 
control) PVC strips. 25 zebra mussels were placed on their sides next to the PVC in 
each dish and allowed to reattached for 24 hours. All tests were in duplicate. ZMs 
were checked for reattachment using a blunt glass probe. There were two mortalities 
in the control and six post-exposure mortalities.  Reattachment numbers were pooled 
for comparison according to their location of reattachment and treatment.  
 
iii.  Inhibition of bacterial settlement 
 
In order to model the attachment of Gram -negative microorganisms on a sponge, 
GFP-E. coli were used  to indicate growth on a glass wool substrate.  Independent in 
vitro antibacterial and  antifungal testing of the sponge associated  oil at high 
concentrations (ca. 10% w/ v) showed no growth inhibition.  The visible growth of GFP-
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E. coli in the bacterial settlement assay was significant and  consistent between the 
controls using only the oils without substrate.  The substrates that were pre-treated  with 
the test oils and  submerged in the static cultures of GFP-E. coli grew equally well.  
Confocal fluorescence microscopy of the substrate clearly indicated  the respective 
influence of the oils on the attachment of the bacteria.  The control substrate was clearly 
colonized  with the bacteria and  easy to establish from each portion of the substrate 
sampled .  The substrate pre-treated  with light mineral oil also had  some colonies 
attached  to the substrate although not as consistently as the control. Finally, no clear 
evidence of attached  colonies in the substrate pre-treated  with the n-decan-2-one was 
observed . Examples of the resulting images from the confocal microscopy of the test 
samples are compared  in Figure 38.  
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Figure 38.  Comparison of the resulting confocal microscope images of the glass 
substrate in GFP-E. coli cultures with and without n-decan-2-one (Decanone) and 
light mineral oils. Each image represents the relative observations of multiple 
samples removed from washed and dried glass wool substrates placed in static 
cultures of the microorganism for 72 hours.  
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iv.  Discussion 
 
The collection of the lipophilic oil from a Jamaican Plakortis by cryotrapping 
yielded  a large amount of a single component n-decan-2-one, which is clearly associated  
with the sponge’s oily appearance and  characteristic fragrance.  n-decan-2-one has been 
isolated  in large yields from the flowers of Ruta chalepensis178 and  has been detected  as a 
trace component of the hard  cheese Grana Parmigiano-Reggiano,177 rhizome Curcuma 
zedoaria,179 and  marine sponge Ircinia felix.174 
 
Regard less of the chemical d ifference between the oils from the two sponges 
studied , the emphasis of the Florid ian Plakortis analytical study was to determine the 
relative d istribution of the lipophilic oil throughout the sponge tissues. Sponges have 
been shown to concentrate defensive compounds in their more vulnerable tissues in 
order to minimize the cost of their production.  However, the preliminary finding of the 
d istribution analysis does not support an optimum defence theory.  If the oil was used  
as a mechanism for protecting specifically new growth or recruiting space, the arbitrary 
collection of new growth from the sponge versus older growth would  explain this 
d istribution. 
 
The oil may be comprised  of d ifferent compounds based  on the species, locat ion, 
time of collection, or method of oil extraction.  In a chemotaxonomic study of two 
Plakortis sp. from the Bahamas, there was a significant d ifference in the headspace 
analysis where P. angulospiculatus contained  almost exclusively non-oxygenated  
hydrocarbons and  P. lita contained  a variety of lipophilic aldehydes, ketones and  
carboxylic acids; the principle components reported  were 1-butyl-2-ethylcyclopentane 
and  (E)-7-methyl-4-octen-3-one respectively.174b  A branched ketone reported  from P. lita 
was also isolated  as the principle component from P. zygompha collected  in Belize.175 
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The variety of components attributed  to the pleasant smell of these sponges and  
the yields obtained  from our extraction raises questions concerning the existence of a 
possible bacterial source.  Over 20 years ago, Porter and  Targett 168 conducted  a series of 
field  experiments to examine the interactions between P. halicondroides and  the coral 
Agaricia lamarcki.  Their work demonstrated  that physical contact with the spon ge led  to 
marked  necrosis of the coral; in fact it was shown that the extract of the sponge when 
applied  via synthetic sponges led  to coral bleaching within 24 hours. 
 
Microorganisms constitute the majority of species found in the marine 
environment and  are known to colonize sessile invertebrates.180  A microorganism could  
therefore produce a defensive biofilm composed  of a low molecular weight compound 
such as n-decan-2-one or a complex of compounds that by association prohibits 
settlement of proximate organisms on a sponge.  However no d irect evidence of this 
particular relationship with a sponge has been reported  although some microorganisms 
have been shown to produce antifouling compounds181 or compounds related  to other 
bioactive secondary metabolites.182  Although the origins of the oil are unclear, the 
ecological significance of the presence of the oil could  be associated  with its antifouling 
characteristics. 
 
ZM were used  as a model organism in a reattachment assay as part of a program 
for the screening of natural product leads for antifouling compounds.  ZM are 
sedentary and  epibiotic organisms that are well-established  biofoulers throughout the 
Great Lakes area forming dense colonial structures using byssal threads and  glue 
proteins for substrate attachment similar to other bivalves in freshwater and  marine 
environments.183  Because of the application of the oil d irectly to the PVC the assay 
required  the ZMs to be introduced  near and  not d irectly on the substrate.  This 
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arrangement likely influenced  the numbers of reattachment to the d ish versus substrate 
in the control. However the results showed a clear d istinction between the numbers of 
ZM preferring reattachment on the walls of the test d ish versus the PVC coated  with the 
oil. 
 
The inhibition of bacterial settlement by the compound was not d irectly related  
to bactericidal effects based  on the visible growth of bacteria in the media containing a 
pre-treated  substrate and  the culture alone with the compound.  One interesting 
observation was the growth of some colonies on the substrate pre-treated  with light 
mineral oil which suggests that the individual physio-chemical properties of the oil 
found on the Plakortis sponge may be better suited  for broader spectrum inhibition of 
microbial settlement.  A previous report describes a synergistic inhibition of barnacle 
larvae settlement by a complex of free fatty acids.184  In this case, the structural 
similarity of the fatty acids suggests that oxygenated  hydrocarbons or more specifically 
carbonyl functionality is important for interruption of a general biofouling mechanism. 
 
It is recognized  that the oil may not be special relative to other ord inary oils. 
However the fact that the oil produced in significant quantities by the sponge combined  
with its evaluations in the in vitro attachment models indicates its utility to the Plakortis 
sp . sponge as a defensive compound.  Accordingly, the study of natural compounds 
obtained  from chemically defended marine organisms remains promising as a source of 
antifouling leads or as in this case, conduits in the development of leads for antifouling 
marine coatings.  
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B.  Experimental Procedures 
 
i.  Animal material and  handling 
 
One Plakortis sponge sample was collected  (ca. 500 g wet) from the interior of 
caves at a depth of 38 m off the mouth of the Rio Bueno, Discovery Bay, Jamaica, in 
November of 2002.  Another Plakortis sample was collected  for analytical studies (ca. 10 
g wet) from 35 m on a downslope at Conch Reef in Key Largo, Florida, USA during 
August of 2005.  Because of the need  for more detailed  studies on members of Plakortis 
(Demospongiae: Homosclerophorida) the sponge was not assigned  to species.185  The 
sample was brown with a soft fleshy consistency, compressible and  easily torn, with a 
surface that was completely free of epifauna.  Out of the water, the sponge had  a 
pleasant smell.  The sample was frozen immediately following collection, shipped  a nd  
stored  at -20 °C prior to extraction. 
 
ii.  Jamaican sponge extraction and  characterization of oil 
 
The volatile component of the Jamaican Plakortis sp . was collected  by 
cryotrapping with a refrigerated  glass vapour trap (-104 °C) under high vacuum 
overnight, followed by the extraction of the condensed  material using d ichloromethane 
and  evaporation of the solvent under reduced  pressure with low heat (37 °C).  NMR 
spectra were collected  with a 400 MHz Bruker DRX (Bruker Biospin Inc.) spectrometer 
with 13C acquired  at 100 MHz.  All NMR spectra were referenced  to the residual solvent 
signal. The oil was analyzed  by GC-MS followed by comparison with the respective 
mass spectra in both the National Bureau of Standards (NBS) and  Institutional Archives 
Registry (IAR) libraries on essential oil constituents.  
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GC-MS analysis was performed on an HP 5890 Series II plus GC with a 5970A EI-
quadrupole mass analyzer. GC analysis was carried  out using a capillary GC column 
ZB-5 (30 m x 0.25 μm, J&W Scientific Inc., Folson, CA).  The operating conditions were 
as follows: carrier gas; ultra pure He 20 mL/ min; on column injection; injected  volume 1 
μL; temperature program: 60 °C to 240 °C at a rate of 3 °C / min, ion source (EI+) 250 eV. 
 
iii.  Zebra mussel reattachment assay 
 
ZMs used  in the assays were collected  in late April from the Mohawk River, 
Crescent, NY by researchers from the New York State History Museum Field  Research 
Laboratory and  shipped overnight on blue ice to The University of Mississippi in quart -
size containers with lids.  Mussels were carefully placed  into the containers wrapped in 
damp paper towels to maintain moisture and  padding.   All mussels were maintained  
(not fed) in 10-gallon aquaria in a torpor-state for no more than two months prior to the 
assays with aerated , reconstituted  water (0.5 mM NaCl, 0.4 mM CaCl2, 0.2 mM MgSO4, 
0.2 mM NaHCO3, 0.05 mM KCl) at 7
 °C in the laboratory prior to testing (7°C on a 12/ 12 
h light/ dark cycle). ZMs 5-10 mm in length were carefully separated  from PVC pipe 
strips with a razor blade at the byssal threads, and  placed  into a 500 mL glass container 
with aerated  reconstituted  water and  slowly acclimated  to test conditions (15-18°C) 
over 48 h. 
 
The reattachment assay was conducted  in a temperature-controlled  chamber 15-
18°C, in 180 mL dishes (100 x 50 mm) with continuously flowing aerated  reconstituted  
water (8 mL-water/ minute for 24 hr). New PVC pipe (2 inch d iameter) was cut in half 
length-wise into 2.5 inch lengths (1 inch height, 39.9 cm 3 surface area) for the re-
attachment assay. Approximately 70 mg of the oil was carefully applied  to the PVC pipe 
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strips using small-sterilized  paintbrushes with aerated  reconstituted water as a control.  
It was previously shown in trials without ZM that some oil d ispersed  from the PVC in to 
the water, but a significant portion of the oil was retained  on the PVC after being 
submerged.  
 
All ZMs (5-10 mm) were carefully separated  from acclimating d ishes with a 
razor blade, moved within the acclimated  hold ing tank and  placed  on their sides next to 
the experimental PVC pipe strips in the testing d ishes.  50 ZMs (25 ZMs in control d ish 
and  25 ZMs in n-decan-2-one treatment) were allowed to reattach over a 24 hr period  
and  all experiments were duplicated .  All ZMs were checked for attachment usin g a 
blunt glass probe.  ZMs not attached  after 24 hr were placed  into clean d ishes, without 
the coated  PVC pipe and  fresh reconstituted  water under the same flow conditions for 
an additional 24 hr post-exposure (Diers et al. 2004).186  Any ZMs not attached  after the 
final 24 h post-exposure were considered  mortalities. 
 
iv.  Bacterial settlement assay 
 
Green Fluorescent Protein (GFP)-E. coli was prepared  by routine cloning of the 
pRSET/ emGFP plasmid  (Invitrogen Inc.) into an E. coli DE3 BL21 expression host and  
induced  by addition of IPTG (1 mM) to cultures in ampicillin (50 g/ mL) selective LB 
media. 
 
Glass wool (Fisher Scientific Inc., Pittsburgh, PA) was cleaned  with hexanes then 
strands of fibres were gathered  together and  tied  into knots approximately 5 mm in 
d iameter.  The knots were carefully trimmed to form individual balls of glass wool 
which were then sterilized  by autoclave (121 °C, 15 minutes) to be used  as substrates for 
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the assay.  Other substrates involving flat surfaces and  a variety of materials (i.e. slides, 
well-plates) were determined  not to be appropriate because of the ability of the oil to 
d issolve or d istort certain polymers and  lack of adherence in aqueous solutions for 
extended periods.  Under aseptic conditions, the glass wool substrates were pre-treated  
with the test oil, light mineral oil (Fisher Scientific Inc.) or nothing then introduced  into 
glass test tubes having 5 mL of media.  Identical tubes were prepared with the same 
media but with d irect application of the oils and  without pre-treated  substrates for 
comparison of bactericidal activity.  All test tubes with media were inoculated  with 
GFP-E. coli and  allowed to culture statically at 37 °C for 72 hours. Following incubation, 
the substrates were removed and gently washed with PBS buffer (pH 7.2, 5 x) over 
clean filter paper in a Bücher funnel using vacuum to dry for approximately 1 minute.  
The substrates were opened with scissors and  sections of glass fibres carefully removed 
from three locations in the bundles and  mounted  using molecular biology grade 
glycerol (Sigma Aldrich Chemical Co. Inc.) between two glass cover slips immediately 
prior to microscopy.  
 
Fluorescence imaging was performed using a Zeiss LSM 510 META confocal 
microscope (Carl Zeiss, Inc.) outfitted  with Plan-Apochromat 100 X, 40 X oil immersion 
objectives and  BP 505-530 filters.  Samples were illuminated  with a HeNe laser at 543 
nm (50% intensity), Diode laser at 405 nm (5% intensity) and  Argon laser at 488 nm (2% 
intensity).  Images were processed  using the Zeiss Image Examiner (Carl Zeiss, Inc., ver. 
1.0). 
 
v.  Distribution study of the florid ian sponge 
 
After flash freezing over dry ice, one lobe of the Florid ian Plakortis was carefully 
handled  in a cold  room (7 °C) on a pre-cooled  clean glass surface. A cross-section of the 
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lobe was d issected  with a clean razorblade to give one piece approximately 60 mm x 30 
mm x 5 mm. Three of the four remaining sides representing the exterior were removed 
at approximately 5-10 mm depth from the surface. What remained  after sectioning this 
core sample were 5 rectangular pieces (A-E) approximately 10 mm x 10 mm x 5 mm 
representing the mesohyl and  exterior of the sponge tissue. 
 
Samples were placed  into individual vials, allowed to warm to room 
temperature and  weighed. The sponge was extracted  with 1 mL of hexane for 60 s then 
the hexane extract was filtered  through lint free paper into a new vial for GC analysis. 
GC-MS analysis was performed on an HP 5890 Series II plus GC with a 5970A EI-
quadrupole mass analyzer. GC analysis was carried  out using a capillary GC column 
DB-1 (15m x 0.25 μm, J&W Scientific Inc., Folson, CA). The operating conditions were as 
follows: carrier gas; ultra pure He 20 mL/ min; on column injection; injected  volume 1 
μL; temperature program, 1 min at 70 °C and  then 10 °C/ min to 285 °C, ion source (EI+) 
250 eV. Quantification of the principle component in the prepared  solutions was 
determined  by a standard  calibration using the appropriate standard  (Sigma Aldrich 
Chemical Co. Inc., Milwaukee, WI). 
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CHAPTER 7.  Evaluation of potential biodiesel feedstock production from oleaginous 
insect Solenopsis sp . 
 
In an era of increased  fuel costs, there is a renewed interest in the conversion of 
lignocellulistic materials (e.g. cellulose, hemicellulose, orlignin) into alternative fuels.187  
The benefits of using these oxygenated  fuels are well known, but it is clear that the 
supply of biomass for the production of these products is limited  and  trad itional 
agricultural sources are still too costly to allow effective competition.188 
 
Black (Solenopsis richteri) and  red  (Solenopsis invicta, Buren) imported  fire ants 
(IFA) were introduced  to the United  States from South America by the early 1930’s and  
now represent a considerable nuisance to humans in both rural and  urban settings.  
Various chemical and  biological methods for IFA control were developed, but few 
attempts have been made to utilize the ants or their associated  chemistry and  
microbiology for practical applications.  One study of the lipid  composition of IFA 
determined that 65 to 75% was composed  of hydrocarbons.189  In these studies, only the 
cuticular lipids were extracted  by d ipping the insects briefly into hexane.  This d ipping 
method effectively extracts the hydrocarbons and  the well known piperid ine venom 
alkaloids, but leaves behind  more polar fatty acids and  mono-, d i- and  tri-glycerides.  
Exhaustive extraction of the IFA produces an unprecedented  large amount of oil which 
contains significant amounts of fatty acid  derived  components.   
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IFA are considered  opportunistic omnivores, but their affinity for oily materials 
suggests that they could  derive the fatty acid  components and  other lipids from their 
d iet.  However, the fire ants have also shown a preference for sugar and  honey -water 
solutions, and  such solutions are typically used  in laboratory reared colonies.190  Other 
d isaccharides besides sucrose and  the trisaccaride raffinose also exhibited  good 
phagostimulant activity.191 
 
Early studies of oleaginous microorganisms for the pharmaceutical and  
neutraceutical industry propelled  further  investigations into finding one capable of a 
one-step saccharification of waste plant products into oils.192  Many of the currently 
studied  single cell oil p roducers are yeasts and  molds which accumulate the oil within 
intracellular droplets, and  only a few examples of bacteria and  algae have been 
reported .193  The utility of any related  type of single cell oil production system is 
significant as it would  address the issues of land  and  water use typically attributed  to 
agricultural based  production of biomass oil for alternative fuels.194 
 
Very little information concerning the internal microbial flora of IFA is available; 
it is possible that symbiotic microorganisms reside in association with the IFA 
provid ing d igestion support for a variety of materials including processing raw 
saccharide into lipid .  Such a symbiotic relationship between microbes and  ants has 
already been observed  in the well known case of the fungus growing attine ants which 
cultivate a fungal crop to provide food for its colony.195 
 
Existing methods can allow for the selection of oleaginous microorganisms with 
the ability to d igest either cellulose or hemicelluloses, however the movement of these 
materials into the gut of the ant is likely restricted  by a sieve plate that excludes large 
materials. Smaller water-soluble saccharide units that could  move beyond the physical 
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barrier of the sieve into the gut of the ant could  be a more reasonable feedstock for the 
oil production. 
 
Our investigation of the phenomenonal amount of oil found in the ant began 
with a basic analysis of the fatty acid  constituents of the ant oil.  Then the energy 
content of the oil was characterized  by calorimetry and  compared  to reported  values of 
vegetable oil and  alternative fuels.  The study concluded with an investigation of a 
pontential feedstock for the oil production when IFA were fed  uniformly C13 labeled  
glucose and  analyzed  by GC for stable isotope incorporation into the extracted  lipids. 
 
A.  Results and  d iscussion 
 
Table 10 lists the major constituent fatty acids present in the crude lipid  extract of 
the IFA.  Methylation of the crude material without saponification identified  three 
constituents also existing as free fatty acids in the mixture.  
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Table 10.  Fatty acid composition of the saponified lipid extract. 
tR (min) % 
MS (m/ z)a 
Identification ECLe 
M+ important ions 
37.577 1.16 242 211, 199, 143, 87, 74b, 55 myristic (14:0) 
43.507 0.69 268 236, 186, 213, 110, 96, 83, 74b, 55 palmitoleicc (16:1) 
43.648 3.22 268 236, 194, 152, 110, 98, 87, 74, 55b palmitoleicc (16:1) 
44.382 19.43 270 239, 227, 143, 87, 74b, 55 palmitic (16:0) 
46.543 0.38 284 241, 157, 101, 88b, 55 margaric (17:0) 
49.578 15.30 294 263, 150, 109, 95, 81b, 67, 55 linoleice (18:2) 
49.804 48.72 296 264, 222, 180, 123, 110, 97, 83, 74, 55b oleicec (18:1) 
49.945 1.22 296 264, 222, 111, 96, 83, 69, 55b oleic (18:1) 
50.581 7.34 298 255, 199, 143, 87, 74b, 55 stearice (18:0) 
51.555 0.53 308 263, 186, 150, 110, 95, 81, 67b, 55 nonadecdienoic (19:2) 
51.753 2.00 310 264, 222, 110, 96, 88, 69, 55b nonadecenoic (19:1) 
a Mass cutoff set at 50 amu.  b Base peak.  c Branched fatty acids without 
standards.  d  Equivalent chain length (ECL). e Also found as free acid  in the crude lipid  
extract. 
 
Purification of the crude lipid  extract on silica produced an amber oil o f 16% 
overall dry weight.  The heat of combustion for this material was measured  as 133,000 
BTU/ gal., a value that is comparable to the reported  values196 for typical soybean oil 
and  soy based  biodiesel shown in table 11. 
 
Table 11.  Reported gross heats of combustion (BTU/gal.) for diesel, biodiesel, raw 
vegetable oil, and oil extracted from IFA. 
Fuel Heat of Combustion (BTU/ gal.) 
Diesel 140, 000 
Biodiesel (B100) 130,000 
Vegetable Oil 138,000 
IFA Oil 133,000 
 
The total lipid  extract is expected  to contain hydrocarbons as well as venom 
alkaloids, but the significant presence of a glycerid ic 1HNMR signal in the crude 
material suggests that large proportions are triglycerides.  The dry weight yield  of the 
purified  oil is slightly lower than reported  from soybeans (16% versus 18%).197  This 
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amount could  reasonably increase or decrease depending on the collection; but factors 
affecting the yield  of lipids from IFA have not been reported .  The principle fatty acids 
identified  by GC were all among the major fatty acid  components found in soybean oil 
used  for biodiesel production.198 
 
GC analysis of the lipid  extracts from the IFA fed  13C labeled  and  natural glucose 
produced analagous chromatogram profiles and  contained  many of the same fatty acids 
listed  in table 10.  After careful examination of the base peak region of each spectrum, 
the typical isotope clusters of 13C enriched  molecules d id  not appear and  were identical 
to that of the corresponding spectra for the extract of the IFA fed  with unlabeled  
glucose.  The result eliminates glucose as a potential source for the lipid  production, 
however the process of converting saccharide to lipid  may be more specific and  further 
tests with a variety of sources are necessary. 
 
Biodiesel may be the more efficient alternative fuel, but current corn and  soybean 
supplies cannot support the amount of oil needed to significantly imp act fuel demand.  
With this understanding, our investigation highlights a potential route for the 
development of a more affordable fuel.  The development of a high capacity method for 
production of oils from lignocellulistic material or even simpler carboh ydrates could  
reduce the materials cost of producing biodiesel.  Investigation of a microbial source for 
this extraord inary amount of oil production in IFA or insects that d igest plant matter 
(i.e. termites, carpenter ants) could  lead  to improvements in bioenergy production. 
 
  
116 
 
B. Experimental procedures 
 
i.  Imported  fire ant collection 
 
Several IFA colonies were collected  using established  techniques199 from the 
banks and  forest edge surrounding the Timber Lake subdivision in the vicinity of 
Oxford , Mississippi, USA.  Based  on recent surveys of the IFA species d istribution in 
Mississippi, it was assumed that the majority of the IFA collected  were the Solenopsis 
richteri (black) or Solenopsis invicta x richteri (hybrid) IFA.   
 
ii.  Bulk extraction and isolation 
 
The IFA were lyophilized  (235g) giving a dry weight of 141g which was 
homogenized  and  subjected  to the standard  Folch method 200 for total lipid  extraction 
yield ing 37.4 g of extract.  One gram of the lipid  extract was hydrolyzed  by refluxing in 
a 1M solution of KOH in 95% ethanol for 3 hours.  The non-saponified  material was 
removed by extraction with d iethyl ether, the aqueous layer was acid ified  with 6 M HCl 
and  the free fatty acids isolated  with another extraction using d iethyl ether.  The ether 
layer was washed with fresh water, d ried  over Na 2SO4 and  evaporated  to leave 458.8 
mg of a waxy residue.  For calorimetry analysis, 30g of the crude lipid  extract was 
purified  with normal phase silica using a small amount of d ichloromethane and  
producing 19g of opaque amber oil.  1H NMR spectroscopy was performed on all 
samples to examine for glycerid ic signals. 
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iii.  Gas chromatography 
 
After esterification of the fatty acids with trimethylsilyld iazomethane, GC-MS 
analysis was performed on an HP 5890 Series II plus GC with a 5970A EI-quadrupole 
mass analyzer.  GLC conditions:  column DB-1 (15m x 0.25 mm i.d ., film thickness 0.25 
m, J&W Scientific Inc., Folson, CA), temperature program, 1 min at 70 °C and then 3 
°C/ min to 250 °C.  The same methylation and  GC analysis was performed on crude 
lipid  extract to account for any free fatty acid . 
 
iv.  Combustion analysis 
 
Combustion analysis w as performed according to the protocol outlined  in ASTM 
D 240-92 (Liquid  Hydrocarbon Fuel by Bomb Calorimeter). 
 
v.  IFA U-[13C]-glucose feeding experiments and  analysis of lipids for incorporation 
 
Two individual fresh colonies of similar size were collected  from the roadside 
approximately 1 mile East of The University of Mississippi Biological Field  Station. The 
colonies were transferred  to plastic bins with artificial brood chambers and  allowed to 
acclimate without feed ing for 48 hours.  Following the acclimation period , uniformly C13 
labeled  D,L-glucose (Cambridge Isotope Laboratories, Inc.) and  natural D,L-glucose 
were each d issolved  to make 60 mL of 5% aqueous solutions.  Each solution was 
simultaneously administered  to d ifferent colonies using glass v ials p lugged with sterile 
cotton.  The colonies were allowed to feed  continuously.  At 7 days, nearly all of the 
solutions were consumed; the colonies were sacrificed  by freezing, and  then carefully 
collected  in separate containers for extraction.  Extract ion of each colony was performed 
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using three 100 mL amounts of hexane then DCM with 15 minutes of sonication, then 
an exhaustive extraction using 95% EtOH and  sonication.  Saponifications, methylations 
and  GC analyses were performed using approximately 200 mg of each hexane fraction 
and  the same procedures outlined  above followed by comparison of the chrom atogram 
and mass spectral data. 
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peptide from porifera enhances neuronal Ca2+ influx” 
 
 
Table 12.  Crystal data and structure refinement for asteropsin A (ASPA). 
Empirical formula C181 H 308 N 40 O75 S6 
Formula weight 4437.03 
Temperature 90.0(5) K 
Wavelength 1.54178 Å 
Crystal system Triclinic 
Space group P 1 
Unit cell d imensions a = 14.8028(6) Å 
 b = 18.5573(8) Å 
 c = 24.1784(10) Å 
Volume 6104.0(4) Å3 
Z 1 
Density (calculated) 1.207 Mg/ m 3 
Absorption coefficient 1.245 mm-1 
F(000) 2370 
Crystal size 0.50 x 0.26 x 0.13 mm 3 
Theta range for data collection 2.5 to 62.2° 
Index ranges -16<=h<=15, -20<=k<=20, -20<=l<=26 
Reflections collected  46544 
Independent reflections 27756 [R(int) = 0.048] 
Completeness to theta = 50.40° 97.70% 
Absorption correction Semi-empirical from equivalents 
Max. and  min. transmission  0.857 and  0.575 
Refinement method  Full-matrix least-squares on F2 
Data /  restraints /  parameters 27756 /  6 /  2725 
Goodness-of-fit on F2 1.06 
Final R indices [I>2sigma(I)] R1 = 0.0795, wR2 = 0.2147 
R indices (all data) R1 = 0.0927, wR2 = 0.2300 
Absolute structure parameter 0.049(17) 
Largest d iff. peak and  hole 0.769 and  -0.372 e.Å -3 
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Table 13.  Atomic coordinates ( x 104) and equivalent isotropic displacement 
parameters (Å2x 103) for asteropsin A.  U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
S(1) 3550(2) 1044(1) 5581(1) 57(1) 
S(2) 4260(1) 5920(1) 7333(1) 38(1) 
S(3) 4861(1) 5040(1) 5959(1) 42(1) 
S(4) 2853(1) 2088(1) 5157(1) 56(1) 
S(5) 5634(1) 5614(1) 7594(1) 40(1) 
S(6) 3369(1) 5435(1) 6044(1) 40(1) 
O(1) 2104(5) -907(4) 8415(3) 73(2) 
O(2) 3726(4) 795(3) 7657(2) 56(1) 
O(3) 1520(4) 2360(3) 6368(3) 59(1) 
O(4) 2639(3) 3972(3) 5435(2) 54(1) 
O(5) 934(3) 6131(3) 5360(3) 58(1) 
O(6) 791(9) 8026(10) 2733(5) 163(5) 
O(7) 984(11) 9014(11) 2922(6) 184(7) 
O(8) -817(4) 7581(4) 4742(3) 69(2) 
O(9) -1280(4) 8661(3) 6313(3) 72(2) 
O(10) -926(4) 4959(3) 6315(2) 56(1) 
O(11) -785(4) 4491(3) 7191(2) 63(1) 
O(12) 1184(3) 6785(3) 6801(2) 56(1) 
O(13) 808(5) 6392(5) 9000(3) 93(2) 
O(14) 1300(3) 5306(3) 7827(3) 62(2) 
O(15) 3670(3) 5518(3) 8797(2) 49(1) 
O(16) 5505(5) 2723(3) 10120(2) 62(1) 
O(17) 5617(4) 2740(3) 8806(2) 54(1) 
O(18) 8138(9) 1299(5) 8865(5) 137(4) 
O(19) 9110(7) -100(8) 10798(8) 198(8) 
O(20) 6842(5) 46(4) 9739(4) 95(2) 
O(21) 4050(5) 746(3) 9039(3) 69(2) 
O(22) 250(9) 1151(7) 9280(8) 179(6) 
O(23) 4098(3) 3271(3) 7881(2) 48(1) 
O(24) 4487(3) 2555(3) 6721(2) 45(1) 
O(25) 6040(3) 2357(3) 5525(2) 49(1) 
O(26) 5359(4) 2904(3) 4183(2) 56(1) 
O(27) 5880(5) 1581(3) 3120(2) 67(2) 
O(28) 6077(5) 2874(3) 1557(2) 65(2) 
O(29) 4747(4) 5430(3) 2278(2) 58(1) 
O(30) 6387(4) 6338(3) 3015(2) 55(1) 
O(31) 7209(5) 4831(3) 4419(3) 82(2) 
O(32) 8242(3) 6564(3) 5247(2) 49(1) 
O(33) 5604(3) 6861(3) 5500(2) 43(1) 
O(34) 7192(3) 6604(2) 7032(2) 40(1) 
O(35) 4458(3) 8741(2) 7408(2) 39(1) 
O(36) 8176(3) 7128(3) 8011(2) 51(1) 
O(37) 8568(3) 5369(3) 8926(2) 48(1) 
O(38) 6690(4) 7779(3) 9939(2) 54(1) 
O(39) 7747(4) 6352(3) 10817(2) 59(1) 
O(40) 6272(4) 4927(3) 9339(2) 49(1) 
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O(41) 4037(6) 5439(4) 10553(4) 102(3) 
O(42) 2971(4) 6538(4) 10862(3) 79(2) 
O(43) 5203(3) 7233(3) 9116(2) 45(1) 
O(44) 2519(3) 7303(3) 8133(2) 44(1) 
O(45) 1219(4) 9055(3) 7452(3) 63(2) 
O(46) 3765(3) 7849(3) 6328(2) 45(1) 
O(47) 2179(4) 7956(3) 5089(3) 69(2) 
O(48) 4035(5) 11530(3) 3293(3) 75(2) 
O(49) 5071(3) 7489(3) 4034(2) 45(1) 
O(50) 5461(4) 7171(3) 524(2) 63(1) 
O(51) 4830(4) 9152(3) 2692(2) 55(1) 
O(52) 7120(6) 8162(4) 1273(3) 85(2) 
O(53) 6929(4) 7099(3) 1726(2) 58(1) 
O(54) 2765(18) 300(11) 10326(9) 226(8) 
N(1) 2938(11) -142(8) 9438(5) 126(4) 
N(2) 2677(5) 74(3) 8282(3) 58(2) 
N(3) 2756(5) 1083(4) 6930(3) 52(2) 
N(4) 2505(4) 3035(3) 6429(3) 47(1) 
N(5) 1019(4) 4625(4) 5516(3) 55(2) 
N(6) 857(5) 6255(5) 4438(3) 77(2) 
N(7) 255(5) 8040(4) 5064(3) 66(2) 
N(8) -303(4) 7459(4) 6056(3) 59(2) 
N(9) 60(4) 6877(4) 7513(3) 49(2) 
N(10) 2411(4) 5817(3) 7973(2) 39(1) 
N(11) 4250(4) 4231(3) 8690(2) 45(1) 
N(12) 4922(6) 3771(4) 10605(3) 68(2) 
N(13) 6631(5) 3292(4) 9041(3) 55(2) 
N(14) 7299(5) 1804(4) 9632(4) 67(2) 
N(15) 8416(8) -975(6) 10985(5) 106(3) 
N(16) 5734(6) 1239(4) 9736(3) 65(2) 
N(17) 4413(6) 1838(4) 8876(3) 63(2) 
N(18) 5253(4) 2092(3) 7732(2) 43(1) 
N(19) 5378(4) 3292(3) 6433(2) 39(1) 
N(20) 4498(4) 2801(3) 5268(3) 45(1) 
N(21) 6136(5) 1586(3) 4261(2) 47(1) 
N(22) 7179(5) 1919(4) 2859(3) 55(2) 
N(23) 5951(5) 3337(3) 2411(3) 53(2) 
N(24) 6316(4) 4692(3) 2370(3) 47(1) 
N(25) 6123(4) 5260(3) 3409(2) 42(1) 
N(26) 6475(4) 6083(3) 4574(2) 43(1) 
N(27) 6764(4) 5992(3) 6027(2) 36(1) 
N(28) 5772(3) 7520(3) 6753(2) 35(1) 
N(29) 5770(4) 8576(3) 7879(2) 40(1) 
N(30) 6738(4) 7040(3) 8309(2) 38(1) 
N(31) 7494(4) 6378(3) 9369(2) 42(1) 
N(32) 7819(5) 8340(4) 9823(3) 65(2) 
N(33) 7220(5) 5526(4) 10465(3) 53(2) 
N(34) 5566(4) 5935(3) 9885(2) 43(1) 
N(35) 4114(4) 6894(3) 8714(2) 45(1) 
N(36) 3135(4) 7934(3) 7419(3) 42(1) 
N(37) 2738(4) 7246(3) 6202(2) 38(1) 
N(38) 3785(4) 7744(3) 4976(2) 38(1) 
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N(39) 3855(4) 8358(3) 3536(2) 41(1) 
N(40) 5928(5) 7930(4) 2598(3) 52(2) 
C(1) 2070(14) -704(9) 10130(7) 126(5) 
C(2) 1933(14) -843(11) 9584(7) 132(6) 
C(3) 2701(10) -652(9) 9206(5) 99(4) 
C(4) 2471(6) -489(5) 8598(4) 61(2) 
C(5) 2536(5) 208(4) 7702(3) 51(2) 
C(6) 3080(5) 733(4) 7418(3) 46(2) 
C(7) 3169(5) 1640(4) 6647(3) 46(2) 
C(8) 3946(5) 1322(4) 6184(3) 51(2) 
C(9) 2318(5) 2386(4) 6460(3) 49(2) 
C(10) 1777(5) 3807(4) 6319(3) 44(2) 
C(11) 1891(5) 4364(4) 6697(4) 51(2) 
C(12) 1864(5) 4125(4) 5712(3) 44(2) 
C(13) 948(5) 5012(5) 4949(4) 61(2) 
C(14) 94(6) 4941(6) 4680(5) 77(3) 
C(15) 252(7) 4102(7) 4620(6) 92(4) 
C(16) -148(9) 3651(9) 5010(8) 129(6) 
C(17) 18(10) 2896(10) 4963(10) 158(8) 
C(18) 623(11) 2562(10) 4483(11) 137(7) 
C(19) 1094(13) 2956(8) 4102(7) 118(5) 
C(20) 890(10) 3747(7) 4187(5) 103(4) 
C(21) 904(5) 5849(6) 4945(4) 63(2) 
C(22) 861(6) 7064(6) 4394(4) 69(2) 
C(23) 778(8) 7357(7) 3795(5) 83(3) 
C(24) 873(10) 8162(9) 3677(6) 107(4) 
C(25) 828(11) 8435(11) 3083(7) 112(5) 
C(26) 28(6) 7562(5) 4759(4) 66(2) 
C(27) -468(6) 8567(5) 5393(4) 67(2) 
C(28) -715(6) 8240(6) 5982(4) 62(2) 
C(29) -474(5) 7038(4) 6595(3) 51(2) 
C(30) -530(5) 6266(4) 6446(3) 46(2) 
C(31) -611(4) 5725(4) 6951(3) 42(2) 
C(32) -771(5) 5015(4) 6785(3) 49(2) 
C(33) 336(5) 6899(4) 6975(4) 53(2) 
C(34) 754(5) 6670(4) 7947(4) 55(2) 
C(35) 192(6) 6679(6) 8553(4) 76(3) 
C(36) 1523(5) 5881(4) 7908(3) 47(2) 
C(37) 3248(4) 5092(4) 7994(3) 40(2) 
C(38) 3939(4) 5036(4) 7481(3) 40(2) 
C(39) 3743(5) 4962(4) 8545(3) 42(2) 
C(40) 4863(6) 3992(4) 9166(3) 47(2) 
C(41) 4309(6) 3829(5) 9705(3) 59(2) 
C(42) 4975(6) 3404(5) 10157(3) 55(2) 
C(43) 5736(5) 3289(4) 8994(3) 51(2) 
C(44) 7470(6) 2697(4) 8806(4) 63(2) 
C(45) 8399(8) 2906(7) 8751(6) 95(4) 
C(46) 8232(11) 3585(9) 8374(8) 128(6) 
C(47) 8688(10) 2989(11) 9310(8) 136(7) 
C(48) 7685(8) 1869(6) 9118(5) 83(3) 
C(49) 7391(8) 1050(6) 9924(5) 83(3) 
C(50) 7286(9) 1139(7) 10574(5) 86(3) 
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C(51) 7356(8) 390(6) 10954(6) 91(3) 
C(52) 8379(9) -242(7) 10911(6) 100(4) 
C(53) 6629(7) 732(5) 9774(4) 70(2) 
C(54) 4912(7) 993(5) 9725(4) 66(2) 
C(55) 4112(7) 1389(5) 10187(4) 65(2) 
C(56) 4423(8) 1186(5) 10775(4) 73(2) 
C(57) 4632(8) 436(6) 11011(5) 84(3) 
C(58) 4891(9) 241(7) 11554(5) 94(3) 
C(59) 5007(11) 788(8) 11843(5) 104(4) 
C(60) 4839(9) 1516(8) 11629(5) 92(3) 
C(61) 4560(9) 1719(7) 11069(4) 84(3) 
C(62) 4433(7) 1174(5) 9162(4) 62(2) 
C(63) 3884(6) 2152(5) 8387(3) 54(2) 
C(64) 2808(7) 2750(6) 8507(6) 86(3) 
C(65) 2072(5) 2403(4) 8682(3) 95(4) 
C(66) 1931(6) 2226(5) 9251(3) 103(4) 
C(67) 1318(6) 1825(6) 9444(4) 114(5) 
C(68) 846(6) 1600(5) 9067(5) 137(7) 
C(69) 986(5) 1776(5) 8498(5) 119(6) 
C(70) 1599(5) 2178(5) 8305(3) 123(6) 
C(71) 4412(5) 2558(4) 7981(3) 41(2) 
C(72) 5725(5) 1248(4) 7789(3) 47(2) 
C(73) 6410(6) 1067(4) 7277(4) 56(2) 
C(74) 6704(5) 1773(5) 7159(4) 56(2) 
C(75) 5757(5) 2472(4) 7298(3) 42(2) 
C(76) 5151(5) 2773(4) 6796(3) 38(1) 
C(77) 4911(5) 3524(4) 5907(3) 41(2) 
C(78) 5167(5) 4179(4) 5576(3) 42(2) 
C(79) 5200(5) 2827(4) 5546(3) 40(2) 
C(80) 4706(5) 2186(4) 4899(3) 44(2) 
C(81) 3805(6) 2219(5) 4654(3) 55(2) 
C(82) 5437(6) 2263(4) 4414(3) 51(2) 
C(83) 6332(6) 803(4) 4542(3) 54(2) 
C(84) 7150(8) 270(5) 4214(4) 75(3) 
C(85) 7732(7) 807(5) 3973(4) 73(2) 
C(86) 6918(7) 1603(5) 3837(4) 61(2) 
C(87) 6601(6) 1708(4) 3240(3) 54(2) 
C(88) 7026(7) 2010(5) 2262(4) 64(2) 
C(89) 6306(6) 2779(4) 2029(4) 54(2) 
C(90) 5138(6) 4060(4) 2295(3) 54(2) 
C(91) 4265(6) 4081(5) 2705(4) 57(2) 
C(92) 3864(8) 3452(6) 2677(5) 80(3) 
C(93) 3088(8) 3505(6) 3161(5) 80(3) 
C(94) 3443(11) 3535(10) 2099(6) 113(4) 
C(95) 5370(6) 4787(4) 2315(3) 51(2) 
C(96) 6598(6) 5354(4) 2409(3) 50(2) 
C(97) 6361(5) 5679(4) 2976(3) 45(2) 
C(98) 5747(5) 5604(4) 3935(3) 44(2) 
C(99) 5017(5) 5249(4) 4230(3) 43(2) 
C(100) 4118(5) 5411(4) 3887(3) 51(2) 
C(101) 3505(7) 4951(5) 4202(4) 66(2) 
C(102) 3559(5) 6280(5) 3773(4) 58(2) 
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C(103) 6555(5) 5462(4) 4333(3) 46(2) 
C(104) 7092(4) 6078(4) 5012(3) 39(1) 
C(105) 7670(4) 6599(4) 4790(3) 45(2) 
C(106) 7094(5) 7413(4) 4601(3) 49(2) 
C(107) 6432(4) 6347(4) 5524(3) 38(2) 
C(108) 6188(4) 6169(3) 6547(3) 36(1) 
C(109) 6383(5) 5443(4) 6939(3) 43(2) 
C(110) 6417(4) 6795(4) 6816(3) 35(1) 
C(111) 6000(4) 8162(3) 6915(3) 35(1) 
C(112) 5869(5) 8828(4) 6434(3) 44(2) 
C(113) 6119(5) 9475(4) 6635(3) 48(2) 
C(114) 6528(6) 8500(5) 5917(4) 58(2) 
C(115) 6446(9) 9113(6) 5447(4) 78(3) 
C(116) 5348(4) 8511(3) 7415(3) 36(1) 
C(117) 5163(5) 9037(4) 8332(3) 44(2) 
C(118) 5886(6) 8892(5) 8783(4) 63(2) 
C(119) 6843(6) 8778(5) 8427(4) 57(2) 
C(120) 6819(4) 8305(4) 7939(3) 43(2) 
C(121) 7298(4) 7434(4) 8089(3) 44(2) 
C(122) 7176(5) 6200(4) 8436(3) 41(2) 
C(123) 7800(5) 5951(4) 8927(3) 43(2) 
C(124) 8088(6) 6254(4) 9836(3) 51(2) 
C(125) 8422(5) 6953(4) 9841(3) 51(2) 
C(126) 7569(6) 7726(4) 9874(3) 53(2) 
C(127) 7662(5) 6065(4) 10394(3) 49(2) 
C(128) 6956(6) 5242(5) 11035(3) 61(2) 
C(129) 6659(7) 4590(6) 10935(4) 69(2) 
C(130) 7242(7) 4259(5) 10425(3) 58(2) 
C(131) 7216(5) 5007(4) 10050(3) 46(2) 
C(132) 6294(5) 5317(4) 9724(3) 47(2) 
C(133) 4659(5) 6232(4) 9612(3) 46(2) 
C(134) 3811(5) 6644(5) 10015(4) 54(2) 
C(135) 3628(6) 6138(6) 10492(4) 69(2) 
C(136) 4683(5) 6828(4) 9120(3) 41(2) 
C(137) 4046(5) 7453(4) 8232(3) 42(2) 
C(138) 3154(4) 7563(4) 7937(3) 42(2) 
C(139) 2452(5) 7989(4) 7018(3) 45(2) 
C(140) 1718(5) 8823(4) 6943(4) 51(2) 
C(141) 988(6) 8906(5) 6517(4) 63(2) 
C(142) 3048(4) 7689(3) 6489(3) 38(1) 
C(143) 3263(4) 6944(4) 5695(3) 38(1) 
C(144) 2991(5) 6293(4) 5537(3) 39(1) 
C(145) 3035(5) 7595(4) 5221(3) 44(2) 
C(146) 3731(5) 8375(4) 4551(3) 41(2) 
C(147) 4188(5) 8910(4) 4764(3) 49(2) 
C(148) 4165(5) 9583(4) 4367(3) 47(2) 
C(149) 3327(6) 10247(4) 4333(4) 53(2) 
C(150) 3276(6) 10888(5) 3970(4) 66(2) 
C(151) 4083(7) 10887(4) 3627(4) 59(2) 
C(152) 4939(7) 10226(5) 3647(4) 63(2) 
C(153) 4979(6) 9578(4) 4026(3) 53(2) 
C(154) 4272(5) 8043(4) 4017(3) 41(2) 
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C(155) 4316(5) 8078(4) 3011(3) 43(2) 
C(156) 3509(6) 8272(5) 2577(4) 58(2) 
C(157) 3959(5) 8028(4) 2010(3) 47(2) 
C(158) 4201(6) 8511(5) 1604(3) 57(2) 
C(159) 4701(6) 8246(4) 1104(4) 57(2) 
C(160) 4950(5) 7486(5) 1004(3) 51(2) 
C(161) 4673(6) 6978(4) 1400(3) 49(2) 
C(162) 4188(5) 7249(4) 1905(3) 47(2) 
C(163) 5056(5) 8456(4) 2753(3) 42(2) 
C(164) 6660(6) 8161(5) 2251(4) 61(2) 
C(165) 7528(7) 8045(8) 2551(5) 85(3) 
C(166) 7400(7) 8682(6) 2958(5) 79(3) 
C(167) 7306(10) 9474(8) 2632(6) 109(4) 
C(168) 8185(9) 8400(9) 3339(5) 104(4) 
C(169) 6899(6) 7790(5) 1704(3) 58(2) 
C(170) 2680(30) -126(14) 9968(13) 212(13) 
O(101) 6359(4) 3598(3) 3476(2) 55(1) 
O(102) 7921(7) 3374(6) 4079(5) 134(4) 
O(103) 1951(5) 9669(4) 3519(3) 87(2) 
O(104) -135(4) 4664(3) 8100(2) 65(1) 
O(105) 1610(6) 7409(6) 9189(4) 105(2) 
O(106) 8182(6) 3437(5) 2272(5) 116(3) 
O(107) 8914(10) 2093(15) 3093(10) 266(12) 
O(108) 761(15) 8416(13) 1691(10) 238(9) 
O(109) 840(30) 5664(10) 3386(8) 310(18) 
O(110) 7783(17) 2409(18) 4973(12) 276(12) 
O(201) 9707(7) 8581(5) 9135(5) 124(3) 
O(202) 9826(6) 8556(5) 8003(4) 103(2) 
O(203) 1203(9) 835(9) 6443(8) 173(6) 
O(204) 752(14) 547(10) 4401(8) 193(6) 
O(205) 2888(7) 271(5) 2677(5) 117(3) 
O(206) 8975(7) 1379(5) 7857(5) 114(3) 
O(207) 8620(8) 2443(8) 7046(6) 154(4) 
O(208) 8450(11) 243(9) 6295(9) 187(6) 
O(209) 7105(4) 3568(3) 6569(3) 72(2) 
O(210) 750(13) 5200(11) 9654(8) 204(7) 
O(211) 2914(6) 5832(5) 11844(3) 97(2) 
C(201) 9398(11) 9372(7) 9223(8) 119(5) 
C(202) 8963(10) 8935(12) 7663(9) 145(7) 
C(203) 1091(15) 839(14) 5909(12) 171(9) 
C(204) 382(16) 38(17) 4690(11) 186(10) 
C(205) 2692(11) 1014(8) 2463(8) 123(5) 
C(206) 9539(15) 647(9) 7725(10) 157(8) 
C(207) 9491(12) 2612(9) 7027(12) 177(10) 
C(208) 7842(11) 622(9) 5889(8) 128(5) 
C(209) 7691(11) 3783(9) 6054(7) 114(4) 
C(210) 1540(30) 4502(17) 9295(10) 251(18) 
C(211) 2328(17) 6235(17) 12314(13) 213(13) 
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Table 14.  Bond lengths [Å] for asteropsin A. 
S(1)-C(8)  1.821(8) 
S(1)-S(4)  2.031(3) 
S(2)-C(38)  1.858(7) 
S(2)-S(5)  2.043(2) 
S(3)-C(78)  1.827(7) 
S(3)-S(6)  2.046(2) 
S(4)-C(81)  1.831(8) 
S(5)-C(109)  1.827(7) 
S(6)-C(144)  1.835(6) 
O(1)-C(4)  1.242(11) 
O(2)-C(6)  1.214(9) 
O(3)-C(9)  1.245(9) 
O(4)-C(12)  1.220(8) 
O(5)-C(21)  1.197(11) 
O(6)-C(25)  1.22(2) 
O(6)-H(6)  0.84 
O(7)-C(25)  1.194(19) 
O(8)-C(26)  1.243(10) 
O(9)-C(28)  1.212(11) 
O(10)-C(32)  1.206(9) 
O(11)-C(32)  1.303(10) 
O(11)-H(11)  0.84 
O(12)-C(33)  1.229(9) 
O(13)-C(35)  1.408(12) 
O(13)-H(13)  0.84 
O(14)-C(36)  1.269(9) 
O(15)-C(39)  1.224(8) 
O(16)-C(42)  1.221(10) 
O(17)-C(43)  1.240(9) 
O(18)-C(48)  1.217(13) 
O(19)-C(52)  1.205(15) 
O(20)-C(53)  1.203(11) 
O(21)-C(62)  1.212(10) 
O(22)-C(68)  1.446(12) 
O(22)-H(22)  0.8502 
O(23)-C(71)  1.231(8) 
O(24)-C(76)  1.232(8) 
O(25)-C(79)  1.224(8) 
O(26)-C(82)  1.222(9) 
O(27)-C(87)  1.245(11) 
O(28)-C(89)  1.200(10) 
O(29)-C(95)  1.205(9) 
O(30)-C(97)  1.254(9) 
O(31)-C(103)  1.219(9) 
O(32)-C(105)  1.442(9) 
O(32)-H(32)  0.84 
O(33)-C(107)  1.242(8) 
O(34)-C(110)  1.222(8) 
O(35)-C(116)  1.225(7) 
O(36)-C(121)  1.213(8) 
O(37)-C(123)  1.241(8) 
O(38)-C(126)  1.263(10) 
O(39)-C(127)  1.245(9) 
O(40)-C(132)  1.254(9) 
O(41)-C(135)  1.207(11) 
O(42)-C(135)  1.316(11) 
O(42)-H(42)  0.8404 
O(43)-C(136)  1.260(8) 
O(44)-C(138)  1.238(8) 
O(45)-C(140)  1.396(10) 
O(45)-H(45)  0.84 
O(46)-C(142)  1.221(8) 
O(47)-C(145)  1.246(8) 
O(48)-C(151)  1.341(10) 
O(48)-H(48)  0.84 
O(49)-C(154)  1.244(8) 
O(50)-C(160)  1.383(10) 
O(50)-H(50)  0.84 
O(51)-C(163)  1.201(8) 
O(52)-C(169)  1.263(11) 
O(53)-C(169)  1.260(10) 
O(53)-H(53)  0.84 
O(54)-C(170)  1.29(3) 
N(1)-C(170)  1.30(3) 
N(1)-C(3)  1.322(17) 
N(1)-H(1N)  0.88 
N(2)-C(4)  1.329(11) 
N(2)-C(5)  1.418(11) 
N(2)-H(2N)  0.88 
N(3)-C(6)  1.323(10) 
N(3)-C(7)  1.459(9) 
N(3)-H(3N)  0.88 
N(4)-C(9)  1.325(9) 
N(4)-C(10)  1.448(9) 
N(4)-H(4N)  0.88 
N(5)-C(12)  1.341(10) 
N(5)-C(13)  1.465(12) 
N(5)-H(5N)  0.88 
N(6)-C(21)  1.355(12) 
N(6)-C(22)  1.495(14) 
N(6)-H(6N)  0.88 
N(7)-C(26)  1.367(13) 
N(7)-C(27)  1.402(13) 
N(7)-H(7N)  0.88 
N(8)-C(28)  1.344(11) 
N(8)-C(29)  1.485(10) 
N(8)-H(8N)  0.88 
N(9)-C(33)  1.324(11) 
N(9)-C(34)  1.461(11) 
N(9)-H(9N)  0.88 
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N(10)-C(36)  1.299(9) 
N(10)-C(37)  1.449(9) 
N(10)-H(10N)  0.88 
N(11)-C(39)  1.307(9) 
N(11)-C(40)  1.461(10) 
N(11)-H(11N)  0.88 
N(12)-C(42)  1.327(11) 
N(12)-H(12A)  0.88 
N(12)-H(12B)  0.88 
N(13)-C(43)  1.342(10) 
N(13)-C(44)  1.436(10) 
N(13)-H(13N)  0.88 
N(14)-C(48)  1.325(14) 
N(14)-C(49)  1.455(13) 
N(14)-H(14N)  0.88 
N(15)-C(52)  1.331(15) 
N(15)-H(15A)  0.88 
N(15)-H(15B)  0.88 
N(16)-C(53)  1.311(12) 
N(16)-C(54)  1.455(12) 
N(16)-H(16N)  0.88 
N(17)-C(62)  1.331(11) 
N(17)-C(63)  1.427(12) 
N(17)-H(17N)  0.88 
N(18)-C(71)  1.351(9) 
N(18)-C(72)  1.452(9) 
N(18)-C(75)  1.488(9) 
N(19)-C(76)  1.338(9) 
N(19)-C(77)  1.452(9) 
N(19)-H(19N)  0.88 
N(20)-C(79)  1.311(9) 
N(20)-C(80)  1.456(9) 
N(20)-H(20N)  0.88 
N(21)-C(82)  1.358(10) 
N(21)-C(83)  1.466(10) 
N(21)-C(86)  1.472(11) 
N(22)-C(87)  1.318(11) 
N(22)-C(88)  1.464(11) 
N(22)-H(22N)  0.88 
N(23)-C(89)  1.387(10) 
N(23)-C(90)  1.449(10) 
N(23)-H(23N)  0.88 
N(24)-C(95)  1.363(11) 
N(24)-C(96)  1.454(9) 
N(24)-H(24N)  0.88 
N(25)-C(97)  1.326(9) 
N(25)-C(98)  1.455(9) 
N(25)-H(25N)  0.88 
N(26)-C(103)  1.314(9) 
N(26)-C(104)  1.466(9) 
N(26)-H(26N)  0.88 
N(27)-C(107)  1.357(9) 
N(27)-C(108)  1.445(9) 
N(27)-H(27N)  0.88 
N(28)-C(110)  1.328(8) 
N(28)-C(111)  1.457(8) 
N(28)-H(28N)  0.88 
N(29)-C(116)  1.377(9) 
N(29)-C(120)  1.460(8) 
N(29)-C(117)  1.477(9) 
N(30)-C(121)  1.332(9) 
N(30)-C(122)  1.454(9) 
N(30)-H(30N)  0.88 
N(31)-C(123)  1.343(9) 
N(31)-C(124)  1.448(10) 
N(31)-H(31N)  0.88 
N(32)-C(126)  1.312(11) 
N(32)-H(32A)  0.88 
N(32)-H(32B)  0.88 
N(33)-C(127)  1.371(10) 
N(33)-C(131)  1.475(10) 
N(33)-C(128)  1.482(11) 
N(34)-C(132)  1.312(9) 
N(34)-C(133)  1.445(9) 
N(34)-H(34N)  0.88 
N(35)-C(136)  1.322(9) 
N(35)-C(137)  1.452(9) 
N(35)-H(35N)  0.88 
N(36)-C(138)  1.352(10) 
N(36)-C(139)  1.440(9) 
N(36)-H(36N)  0.88 
N(37)-C(142)  1.361(9) 
N(37)-C(143)  1.436(9) 
N(37)-H(37N)  0.88 
N(38)-C(145)  1.310(9) 
N(38)-C(146)  1.448(9) 
N(38)-H(38N)  0.88 
N(39)-C(154)  1.339(9) 
N(39)-C(155)  1.436(9) 
N(39)-H(39N)  0.88 
N(40)-C(163)  1.344(10) 
N(40)-C(164)  1.462(10) 
N(40)-H(40N)  0.88 
C(1)-C(2)  1.42(2) 
C(1)-C(170)  1.64(3) 
C(1)-H(1A)  0.99 
C(1)-H(1B)  0.99 
C(2)-C(3)  1.504(19) 
C(2)-H(2A)  0.99 
C(2)-H(2B)  0.99 
C(3)-C(4)  1.513(15) 
C(3)-H(3)  1 
C(5)-C(6)  1.544(11) 
C(5)-H(5A)  0.99 
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C(5)-H(5B)  0.99 
C(7)-C(8)  1.521(11) 
C(7)-C(9)  1.539(11) 
C(7)-H(7)  1 
C(8)-H(8C)  0.99 
C(8)-H(8D)  0.99 
C(10)-C(11)  1.524(10) 
C(10)-C(12)  1.527(11) 
C(10)-H(10)  1 
C(11)-H(11A)  0.98 
C(11)-H(11B)  0.98 
C(11)-H(11C)  0.98 
C(13)-C(21)  1.529(14) 
C(13)-C(14)  1.533(12) 
C(13)-H(13A)  1 
C(14)-C(15)  1.507(16) 
C(14)-H(14A)  0.99 
C(14)-H(14B)  0.99 
C(15)-C(20)  1.385(18) 
C(15)-C(16)  1.42(2) 
C(16)-C(17)  1.35(2) 
C(16)-H(16)  0.95 
C(17)-C(18)  1.44(3) 
C(17)-H(17)  0.95 
C(18)-C(19)  1.40(3) 
C(18)-H(18)  0.95 
C(19)-C(20)  1.420(19) 
C(19)-H(19)  0.95 
C(20)-H(20)  0.95 
C(22)-C(23)  1.485(14) 
C(22)-C(26)  1.508(14) 
C(22)-H(22C)  1 
C(23)-C(24)  1.541(18) 
C(23)-H(23C)  0.99 
C(23)-H(23D)  0.99 
C(24)-C(25)  1.47(2) 
C(24)-H(24A)  0.99 
C(24)-H(24B)  0.99 
C(27)-C(28)  1.544(13) 
C(27)-H(27A)  0.99 
C(27)-H(27B)  0.99 
C(29)-C(33)  1.512(12) 
C(29)-C(30)  1.552(11) 
C(29)-H(29)  1 
C(30)-C(31)  1.510(10) 
C(30)-H(30A)  0.99 
C(30)-H(30B)  0.99 
C(31)-C(32)  1.526(10) 
C(31)-H(31A)  0.99 
C(31)-H(31B)  0.99 
C(34)-C(36)  1.488(10) 
C(34)-C(35)  1.609(13) 
C(34)-H(34)  1 
C(35)-H(35A)  0.99 
C(35)-H(35B)  0.99 
C(37)-C(38)  1.510(10) 
C(37)-C(39)  1.539(10) 
C(37)-H(37)  1 
C(38)-H(38A)  0.99 
C(38)-H(38B)  0.99 
C(40)-C(43)  1.517(11) 
C(40)-C(41)  1.528(11) 
C(40)-H(40)  1 
C(41)-C(42)  1.492(12) 
C(41)-H(41A)  0.99 
C(41)-H(41B)  0.99 
C(44)-C(45)  1.551(13) 
C(44)-C(48)  1.564(14) 
C(44)-H(44)  1 
C(45)-C(46)  1.42(2) 
C(45)-C(47)  1.50(2) 
C(45)-H(45A)  1 
C(46)-H(46A)  0.98 
C(46)-H(46B)  0.98 
C(46)-H(46C)  0.98 
C(47)-H(47A)  0.98 
C(47)-H(47B)  0.98 
C(47)-H(47C)  0.98 
C(49)-C(53)  1.545(16) 
C(49)-C(50)  1.587(17) 
C(49)-H(49)  1 
C(50)-C(51)  1.546(16) 
C(50)-H(50A)  0.99 
C(50)-H(50B)  0.99 
C(51)-C(52)  1.532(17) 
C(51)-H(51A)  0.99 
C(51)-H(51B)  0.99 
C(54)-C(62)  1.543(14) 
C(54)-C(55)  1.569(14) 
C(54)-H(54)  1 
C(55)-C(56)  1.500(14) 
C(55)-H(55A)  0.99 
C(55)-H(55B)  0.99 
C(56)-C(61)  1.369(14) 
C(56)-C(57)  1.373(14) 
C(57)-C(58)  1.376(17) 
C(57)-H(57)  0.95 
C(58)-C(59)  1.367(19) 
C(58)-H(58)  0.95 
C(59)-C(60)  1.328(18) 
C(59)-H(59)  0.95 
C(60)-C(61)  1.421(16) 
C(60)-H(60)  0.95 
C(61)-H(61)  0.95 
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C(63)-C(71)  1.499(10) 
C(63)-C(64)  1.586(13) 
C(63)-H(63)  1 
C(64)-C(65)  1.466(11) 
C(64)-H(64A)  0.99 
C(64)-H(64B)  0.99 
C(65)-C(66)  1.39 
C(65)-C(70)  1.39 
C(66)-C(67)  1.39 
C(66)-H(66)  0.95 
C(67)-C(68)  1.39 
C(67)-H(67)  0.95 
C(68)-C(69)  1.39 
C(69)-C(70)  1.39 
C(69)-H(69)  0.95 
C(70)-H(70)  0.95 
C(72)-C(73)  1.504(12) 
C(72)-H(72A)  0.99 
C(72)-H(72B)  0.99 
C(73)-C(74)  1.516(11) 
C(73)-H(73A)  0.99 
C(73)-H(73B)  0.99 
C(74)-C(75)  1.551(11) 
C(74)-H(74A)  0.99 
C(74)-H(74B)  0.99 
C(75)-C(76)  1.508(10) 
C(75)-H(75)  1 
C(77)-C(78)  1.522(10) 
C(77)-C(79)  1.547(10) 
C(77)-H(77)  1 
C(78)-H(78A)  0.99 
C(78)-H(78B)  0.99 
C(80)-C(81)  1.492(11) 
C(80)-C(82)  1.541(11) 
C(80)-H(80)  1 
C(81)-H(81A)  0.99 
C(81)-H(81B)  0.99 
C(83)-C(84)  1.472(13) 
C(83)-H(83A)  0.99 
C(83)-H(83B)  0.99 
C(84)-C(85)  1.574(14) 
C(84)-H(84A)  0.99 
C(84)-H(84B)  0.99 
C(85)-C(86)  1.540(12) 
C(85)-H(85A)  0.99 
C(85)-H(85B)  0.99 
C(86)-C(87)  1.533(12) 
C(86)-H(86)  1 
C(88)-C(89)  1.511(12) 
C(88)-H(88A)  0.99 
C(88)-H(88B)  0.99 
C(90)-C(95)  1.518(11) 
C(90)-C(91)  1.537(12) 
C(90)-H(90)  1 
C(91)-C(92)  1.505(13) 
C(91)-H(91A)  0.99 
C(91)-H(91B)  0.99 
C(92)-C(93)  1.538(16) 
C(92)-C(94)  1.558(17) 
C(92)-H(92)  1 
C(93)-H(93A)  0.98 
C(93)-H(93B)  0.98 
C(93)-H(93C)  0.98 
C(94)-H(94A)  0.98 
C(94)-H(94B)  0.98 
C(94)-H(94C)  0.98 
C(96)-C(97)  1.518(11) 
C(96)-H(96A)  0.99 
C(96)-H(96B)  0.99 
C(98)-C(103)  1.537(10) 
C(98)-C(99)  1.540(10) 
C(98)-H(98)  1 
C(99)-C(100)  1.556(10) 
C(99)-H(99A)  0.99 
C(99)-H(99B)  0.99 
C(100)-C(102)  1.519(11) 
C(100)-C(101)  1.554(11) 
C(100)-H(100)  1 
C(101)-H(10A)  0.98 
C(101)-H(10B)  0.98 
C(101)-H(10C)  0.98 
C(102)-H(10D)  0.98 
C(102)-H(10E)  0.98 
C(102)-H(10F)  0.98 
C(104)-C(107)  1.506(9) 
C(104)-C(105)  1.536(10) 
C(104)-H(104)  1 
C(105)-C(106)  1.474(11) 
C(105)-H(105)  1 
C(106)-H(10G)  0.98 
C(106)-H(10H)  0.98 
C(106)-H(10I)  0.98 
C(108)-C(109)  1.503(10) 
C(108)-C(110)  1.552(8) 
C(108)-H(108)  1 
C(109)-H(10J)  0.99 
C(109)-H(10K)  0.99 
C(111)-C(116)  1.514(9) 
C(111)-C(112)  1.563(9) 
C(111)-H(111)  1 
C(112)-C(113)  1.524(10) 
C(112)-C(114)  1.539(11) 
C(112)-H(112)  1 
C(113)-H(11D)  0.98 
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C(113)-H(11E)  0.98 
C(113)-H(11F)  0.98 
C(114)-C(115)  1.490(13) 
C(114)-H(11G)  0.99 
C(114)-H(11H)  0.99 
C(115)-H(11I)  0.98 
C(115)-H(11J)  0.98 
C(115)-H(11K)  0.98 
C(117)-C(118)  1.537(11) 
C(117)-H(11L)  0.99 
C(117)-H(11M)  0.99 
C(118)-C(119)  1.537(13) 
C(118)-H(11R)  0.99 
C(118)-H(11O)  0.99 
C(119)-C(120)  1.564(11) 
C(119)-H(11P)  0.99 
C(119)-H(11Q)  0.99 
C(120)-C(121)  1.518(10) 
C(120)-H(120)  1 
C(122)-C(123)  1.501(10) 
C(122)-H(12D)  0.99 
C(122)-H(12E)  0.99 
C(124)-C(127)  1.489(12) 
C(124)-C(125)  1.554(11) 
C(124)-H(124)  1 
C(125)-C(126)  1.520(11) 
C(125)-H(12F)  0.99 
C(125)-H(12G)  0.99 
C(128)-C(129)  1.484(13) 
C(128)-H(12H)  0.99 
C(128)-H(12I)  0.99 
C(129)-C(130)  1.486(13) 
C(129)-H(12J)  0.99 
C(129)-H(12K)  0.99 
C(130)-C(131)  1.554(11) 
C(130)-H(13B)  0.99 
C(130)-H(13C)  0.99 
C(131)-C(132)  1.531(10) 
C(131)-H(131)  1 
C(133)-C(134)  1.522(11) 
C(133)-C(136)  1.532(10) 
C(133)-H(133)  1 
C(134)-C(135)  1.469(13) 
C(134)-H(13D)  0.99 
C(134)-H(13E)  0.99 
C(137)-C(138)  1.501(9) 
C(137)-H(13F)  0.99 
C(137)-H(13G)  0.99 
C(139)-C(142)  1.514(10) 
C(139)-C(140)  1.526(10) 
C(139)-H(139)  1 
C(140)-C(141)  1.522(11) 
C(140)-H(140)  1 
C(141)-H(14C)  0.98 
C(141)-H(14D)  0.98 
C(141)-H(14E)  0.98 
C(143)-C(144)  1.508(9) 
C(143)-C(145)  1.528(10) 
C(143)-H(143)  1 
C(144)-H(14F)  0.99 
C(144)-H(14G)  0.99 
C(146)-C(154)  1.514(10) 
C(146)-C(147)  1.550(9) 
C(146)-H(146)  1 
C(147)-C(148)  1.474(11) 
C(147)-H(14H)  0.99 
C(147)-H(14I)  0.99 
C(148)-C(149)  1.384(11) 
C(148)-C(153)  1.387(11) 
C(149)-C(150)  1.374(12) 
C(149)-H(149)  0.95 
C(150)-C(151)  1.383(13) 
C(150)-H(150)  0.95 
C(151)-C(152)  1.396(13) 
C(152)-C(153)  1.408(12) 
C(152)-H(152)  0.95 
C(153)-H(153)  0.95 
C(155)-C(163)  1.553(10) 
C(155)-C(156)  1.580(11) 
C(155)-H(155)  1 
C(156)-C(157)  1.505(12) 
C(156)-H(15D)  0.99 
C(156)-H(15E)  0.99 
C(157)-C(158)  1.363(11) 
C(157)-C(162)  1.404(11) 
C(158)-C(159)  1.391(12) 
C(158)-H(158)  0.95 
C(159)-C(160)  1.363(11) 
C(159)-H(159)  0.95 
C(160)-C(161)  1.403(11) 
C(161)-C(162)  1.399(11) 
C(161)-H(161)  0.95 
C(162)-H(162)  0.95 
C(164)-C(165)  1.473(14) 
C(164)-C(169)  1.513(12) 
C(164)-H(164)  1 
C(165)-C(166)  1.574(16) 
C(165)-H(16A)  0.99 
C(165)-H(16B)  0.99 
C(166)-C(168)  1.457(17) 
C(166)-C(167)  1.548(18) 
C(166)-H(166)  1 
C(167)-H(16C)  0.98 
C(167)-H(16D)  0.98 
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C(167)-H(16E)  0.98 
C(168)-H(16F)  0.98 
C(168)-H(16G)  0.98 
C(168)-H(16H)  0.98 
O(201)-C(201)  1.400(16) 
O(202)-C(202)  1.485(19) 
O(203)-C(203)  1.32(3) 
O(204)-C(204)  1.35(2) 
O(205)-C(205)  1.347(17) 
O(206)-C(206)  1.358(16) 
O(207)-C(207)  1.431(18) 
O(208)-C(208)  1.35(2) 
O(209)-C(209)  1.543(16) 
O(210)-C(210)  1.65(3) 
O(211)-C(211)  1.45(2) 
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Table 15.  Bond angles [°] for asteropsin A. 
C(8)-S(1)-S(4) 102.8(3) 
C(38)-S(2)-S(5) 106.2(2) 
C(78)-S(3)-S(6) 102.6(2) 
C(81)-S(4)-S(1) 103.4(3) 
C(109)-S(5)-S(2) 102.1(2) 
C(144)-S(6)-S(3) 103.5(2) 
C(25)-O(6)-H(6) 109.2 
C(32)-O(11)-H(11) 109.5 
C(35)-O(13)-H(13) 109.5 
C(68)-O(22)-H(22) 128.7 
C(105)-O(32)-H(32) 109.5 
C(135)-O(42)-H(42) 112.1 
C(140)-O(45)-H(45) 109.5 
C(151)-O(48)-H(48) 109.5 
C(160)-O(50)-H(50) 109.5 
C(169)-O(53)-H(53) 109.4 
C(170)-N(1)-C(3) 112.4(12) 
C(170)-N(1)-H(1N) 123.8 
C(3)-N(1)-H(1N) 123.8 
C(4)-N(2)-C(5) 121.7(7) 
C(4)-N(2)-H(2N) 119.2 
C(5)-N(2)-H(2N) 119.2 
C(6)-N(3)-C(7) 118.1(6) 
C(6)-N(3)-H(3N) 120.9 
C(7)-N(3)-H(3N) 120.9 
C(9)-N(4)-C(10) 123.5(6) 
C(9)-N(4)-H(4N) 118.2 
C(10)-N(4)-H(4N) 118.2 
C(12)-N(5)-C(13) 122.8(6) 
C(12)-N(5)-H(5N) 118.6 
C(13)-N(5)-H(5N) 118.6 
C(21)-N(6)-C(22) 119.6(9) 
C(21)-N(6)-H(6N) 120.2 
C(22)-N(6)-H(6N) 120.2 
C(26)-N(7)-C(27) 120.7(7) 
C(26)-N(7)-H(7N) 119.6 
C(27)-N(7)-H(7N) 119.6 
C(28)-N(8)-C(29) 120.2(7) 
C(28)-N(8)-H(8N) 119.9 
C(29)-N(8)-H(8N) 119.9 
C(33)-N(9)-C(34) 122.3(6) 
C(33)-N(9)-H(9N) 118.8 
C(34)-N(9)-H(9N) 118.8 
C(36)-N(10)-C(37) 125.0(6) 
C(36)-N(10)-H(10N) 117.5 
C(37)-N(10)-H(10N) 117.5 
C(39)-N(11)-C(40) 122.3(5) 
C(39)-N(11)-H(11N) 118.9 
C(40)-N(11)-H(11N) 118.9 
C(42)-N(12)-H(12A) 120 
C(42)-N(12)-H(12B) 120 
H(12A)-N(12)-H(12B) 120 
C(43)-N(13)-C(44) 119.6(6) 
C(43)-N(13)-H(13N) 120.2 
C(44)-N(13)-H(13N) 120.2 
C(48)-N(14)-C(49) 121.9(8) 
C(48)-N(14)-H(14N) 119 
C(49)-N(14)-H(14N) 119 
C(52)-N(15)-H(15A) 120 
C(52)-N(15)-H(15B) 120 
H(15A)-N(15)-H(15B) 120 
C(53)-N(16)-C(54) 121.6(7) 
C(53)-N(16)-H(16N) 119.2 
C(54)-N(16)-H(16N) 119.2 
C(62)-N(17)-C(63) 122.8(7) 
C(62)-N(17)-H(17N) 118.6 
C(63)-N(17)-H(17N) 118.6 
C(71)-N(18)-C(72) 129.9(6) 
C(71)-N(18)-C(75) 117.1(5) 
C(72)-N(18)-C(75) 112.8(5) 
C(76)-N(19)-C(77) 118.7(5) 
C(76)-N(19)-H(19N) 120.7 
C(77)-N(19)-H(19N) 120.7 
C(79)-N(20)-C(80) 119.6(6) 
C(79)-N(20)-H(20N) 120.2 
C(80)-N(20)-H(20N) 120.2 
C(82)-N(21)-C(83) 127.1(6) 
C(82)-N(21)-C(86) 120.2(6) 
C(83)-N(21)-C(86) 111.8(6) 
C(87)-N(22)-C(88) 122.4(8) 
C(87)-N(22)-H(22N) 118.8 
C(88)-N(22)-H(22N) 118.8 
C(89)-N(23)-C(90) 121.4(7) 
C(89)-N(23)-H(23N) 119.3 
C(90)-N(23)-H(23N) 119.3 
C(95)-N(24)-C(96) 121.5(6) 
C(95)-N(24)-H(24N) 119.3 
C(96)-N(24)-H(24N) 119.3 
C(97)-N(25)-C(98) 120.0(6) 
C(97)-N(25)-H(25N) 120 
C(98)-N(25)-H(25N) 120 
C(103)-N(26)-C(104) 124.0(6) 
C(103)-N(26)-H(26N) 118 
C(104)-N(26)-H(26N) 118 
C(107)-N(27)-C(108) 123.0(5) 
C(107)-N(27)-H(27N) 118.5 
C(108)-N(27)-H(27N) 118.5 
C(110)-N(28)-C(111) 119.9(5) 
C(110)-N(28)-H(28N) 120.1 
C(111)-N(28)-H(28N) 120.1 
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C(116)-N(29)-C(120) 124.8(6) 
C(116)-N(29)-C(117) 120.3(5) 
C(120)-N(29)-C(117) 114.4(5) 
C(121)-N(30)-C(122) 119.5(5) 
C(121)-N(30)-H(30N) 120.2 
C(122)-N(30)-H(30N) 120.2 
C(123)-N(31)-C(124) 122.5(6) 
C(123)-N(31)-H(31N) 118.7 
C(124)-N(31)-H(31N) 118.7 
C(126)-N(32)-H(32A) 120 
C(126)-N(32)-H(32B) 120 
H(32A)-N(32)-H(32B) 120 
C(127)-N(33)-C(131) 126.4(6) 
C(127)-N(33)-C(128) 120.1(6) 
C(131)-N(33)-C(128) 111.1(6) 
C(132)-N(34)-C(133) 121.0(6) 
C(132)-N(34)-H(34N) 119.5 
C(133)-N(34)-H(34N) 119.5 
C(136)-N(35)-C(137) 121.4(5) 
C(136)-N(35)-H(35N) 119.3 
C(137)-N(35)-H(35N) 119.3 
C(138)-N(36)-C(139) 123.9(6) 
C(138)-N(36)-H(36N) 118 
C(139)-N(36)-H(36N) 118 
C(142)-N(37)-C(143) 120.1(5) 
C(142)-N(37)-H(37N) 120 
C(143)-N(37)-H(37N) 120 
C(145)-N(38)-C(146) 125.2(5) 
C(145)-N(38)-H(38N) 117.4 
C(146)-N(38)-H(38N) 117.4 
C(154)-N(39)-C(155) 121.5(6) 
C(154)-N(39)-H(39N) 119.2 
C(155)-N(39)-H(39N) 119.2 
C(163)-N(40)-C(164) 121.7(7) 
C(163)-N(40)-H(40N) 119.2 
C(164)-N(40)-H(40N) 119.2 
C(2)-C(1)-C(170) 99.4(15) 
C(2)-C(1)-H(1A) 111.9 
C(170)-C(1)-H(1A) 111.9 
C(2)-C(1)-H(1B) 111.9 
C(170)-C(1)-H(1B) 111.9 
H(1A)-C(1)-H(1B) 109.6 
C(1)-C(2)-C(3) 105.9(12) 
C(1)-C(2)-H(2A) 110.6 
C(3)-C(2)-H(2A) 110.6 
C(1)-C(2)-H(2B) 110.6 
C(3)-C(2)-H(2B) 110.6 
H(2A)-C(2)-H(2B) 108.7 
N(1)-C(3)-C(2) 108.3(11) 
N(1)-C(3)-C(4) 118.5(11) 
C(2)-C(3)-C(4) 113.6(10) 
N(1)-C(3)-H(3) 105 
C(2)-C(3)-H(3) 105 
C(4)-C(3)-H(3) 105 
O(1)-C(4)-N(2) 122.8(9) 
O(1)-C(4)-C(3) 117.1(8) 
N(2)-C(4)-C(3) 120.1(8) 
N(2)-C(5)-C(6) 110.0(6) 
N(2)-C(5)-H(5A) 109.7 
C(6)-C(5)-H(5A) 109.7 
N(2)-C(5)-H(5B) 109.7 
C(6)-C(5)-H(5B) 109.7 
H(5A)-C(5)-H(5B) 108.2 
O(2)-C(6)-N(3) 127.2(7) 
O(2)-C(6)-C(5) 119.0(7) 
N(3)-C(6)-C(5) 113.8(6) 
N(3)-C(7)-C(8) 114.7(6) 
N(3)-C(7)-C(9) 107.9(6) 
C(8)-C(7)-C(9) 113.9(6) 
N(3)-C(7)-H(7) 106.6 
C(8)-C(7)-H(7) 106.6 
C(9)-C(7)-H(7) 106.6 
C(7)-C(8)-S(1) 116.5(5) 
C(7)-C(8)-H(8C) 108.2 
S(1)-C(8)-H(8C) 108.2 
C(7)-C(8)-H(8D) 108.2 
S(1)-C(8)-H(8D) 108.2 
H(8C)-C(8)-H(8D) 107.3 
O(3)-C(9)-N(4) 124.5(7) 
O(3)-C(9)-C(7) 120.8(6) 
N(4)-C(9)-C(7) 114.6(6) 
N(4)-C(10)-C(11) 109.7(6) 
N(4)-C(10)-C(12) 111.8(5) 
C(11)-C(10)-C(12) 108.8(6) 
N(4)-C(10)-H(10) 108.8 
C(11)-C(10)-H(10) 108.8 
C(12)-C(10)-H(10) 108.8 
C(10)-C(11)-H(11A) 109.5 
C(10)-C(11)-H(11B) 109.5 
H(11A)-C(11)-H(11B) 109.5 
C(10)-C(11)-H(11C) 109.5 
H(11A)-C(11)-H(11C) 109.5 
H(11B)-C(11)-H(11C) 109.5 
O(4)-C(12)-N(5) 122.4(7) 
O(4)-C(12)-C(10) 123.3(6) 
N(5)-C(12)-C(10) 114.1(6) 
N(5)-C(13)-C(21) 111.2(7) 
N(5)-C(13)-C(14) 109.5(8) 
C(21)-C(13)-C(14) 114.2(7) 
N(5)-C(13)-H(13A) 107.2 
C(21)-C(13)-H(13A) 107.2 
C(14)-C(13)-H(13A) 107.2 
C(15)-C(14)-C(13) 111.7(7) 
C(15)-C(14)-H(14A) 109.3 
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C(13)-C(14)-H(14A) 109.3 
C(15)-C(14)-H(14B) 109.3 
C(13)-C(14)-H(14B) 109.3 
H(14A)-C(14)-H(14B) 107.9 
C(20)-C(15)-C(16) 119.2(12) 
C(20)-C(15)-C(14) 117.3(13) 
C(16)-C(15)-C(14) 123.2(12) 
C(17)-C(16)-C(15) 123.0(15) 
C(17)-C(16)-H(16) 118.5 
C(15)-C(16)-H(16) 118.5 
C(16)-C(17)-C(18) 116.2(19) 
C(16)-C(17)-H(17) 121.9 
C(18)-C(17)-H(17) 121.9 
C(19)-C(18)-C(17) 123.8(15) 
C(19)-C(18)-H(18) 118.1 
C(17)-C(18)-H(18) 118.1 
C(18)-C(19)-C(20) 116.1(16) 
C(18)-C(19)-H(19) 121.9 
C(20)-C(19)-H(19) 121.9 
C(15)-C(20)-C(19) 121.3(15) 
C(15)-C(20)-H(20) 119.4 
C(19)-C(20)-H(20) 119.3 
O(5)-C(21)-N(6) 121.0(10) 
O(5)-C(21)-C(13) 122.8(8) 
N(6)-C(21)-C(13) 116.1(9) 
C(23)-C(22)-N(6) 106.7(8) 
C(23)-C(22)-C(26) 112.2(8) 
N(6)-C(22)-C(26) 109.5(7) 
C(23)-C(22)-H(22C) 109.4 
N(6)-C(22)-H(22C) 109.4 
C(26)-C(22)-H(22C) 109.4 
C(22)-C(23)-C(24) 112.5(10) 
C(22)-C(23)-H(23C) 109.1 
C(24)-C(23)-H(23C) 109.1 
C(22)-C(23)-H(23D) 109.1 
C(24)-C(23)-H(23D) 109.1 
H(23C)-C(23)-H(23D) 107.8 
C(25)-C(24)-C(23) 112.3(13) 
C(25)-C(24)-H(24A) 109.1 
C(23)-C(24)-H(24A) 109.1 
C(25)-C(24)-H(24B) 109.1 
C(23)-C(24)-H(24B) 109.1 
H(24A)-C(24)-H(24B) 107.9 
O(7)-C(25)-O(6) 117.6(17) 
O(7)-C(25)-C(24) 119.8(16) 
O(6)-C(25)-C(24) 121.5(15) 
O(8)-C(26)-N(7) 123.1(9) 
O(8)-C(26)-C(22) 121.5(9) 
N(7)-C(26)-C(22) 115.0(7) 
N(7)-C(27)-C(28) 116.4(8) 
N(7)-C(27)-H(27A) 108.2 
C(28)-C(27)-H(27A) 108.2 
N(7)-C(27)-H(27B) 108.2 
C(28)-C(27)-H(27B) 108.2 
H(27A)-C(27)-H(27B) 107.3 
O(9)-C(28)-N(8) 125.8(8) 
O(9)-C(28)-C(27) 121.4(8) 
N(8)-C(28)-C(27) 112.6(8) 
N(8)-C(29)-C(33) 110.3(6) 
N(8)-C(29)-C(30) 106.2(7) 
C(33)-C(29)-C(30) 112.3(6) 
N(8)-C(29)-H(29) 109.3 
C(33)-C(29)-H(29) 109.3 
C(30)-C(29)-H(29) 109.3 
C(31)-C(30)-C(29) 113.5(6) 
C(31)-C(30)-H(30A) 108.9 
C(29)-C(30)-H(30A) 108.9 
C(31)-C(30)-H(30B) 108.9 
C(29)-C(30)-H(30B) 108.9 
H(30A)-C(30)-H(30B) 107.7 
C(30)-C(31)-C(32) 111.4(6) 
C(30)-C(31)-H(31A) 109.3 
C(32)-C(31)-H(31A) 109.3 
C(30)-C(31)-H(31B) 109.4 
C(32)-C(31)-H(31B) 109.4 
H(31A)-C(31)-H(31B) 108 
O(10)-C(32)-O(11) 121.8(7) 
O(10)-C(32)-C(31) 122.6(7) 
O(11)-C(32)-C(31) 115.5(7) 
O(12)-C(33)-N(9) 122.8(7) 
O(12)-C(33)-C(29) 123.1(8) 
N(9)-C(33)-C(29) 114.1(6) 
N(9)-C(34)-C(36) 112.7(6) 
N(9)-C(34)-C(35) 110.0(6) 
C(36)-C(34)-C(35) 107.6(7) 
N(9)-C(34)-H(34) 108.8 
C(36)-C(34)-H(34) 108.8 
C(35)-C(34)-H(34) 108.8 
O(13)-C(35)-C(34) 114.6(7) 
O(13)-C(35)-H(35A) 108.6 
C(34)-C(35)-H(35A) 108.6 
O(13)-C(35)-H(35B) 108.6 
C(34)-C(35)-H(35B) 108.6 
H(35A)-C(35)-H(35B) 107.6 
O(14)-C(36)-N(10) 123.0(6) 
O(14)-C(36)-C(34) 120.5(6) 
N(10)-C(36)-C(34) 116.5(6) 
N(10)-C(37)-C(38) 112.1(6) 
N(10)-C(37)-C(39) 110.4(5) 
C(38)-C(37)-C(39) 113.7(5) 
N(10)-C(37)-H(37) 106.7 
C(38)-C(37)-H(37) 106.7 
C(39)-C(37)-H(37) 106.7 
C(37)-C(38)-S(2) 111.6(4) 
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C(37)-C(38)-H(38A) 109.3 
S(2)-C(38)-H(38A) 109.3 
C(37)-C(38)-H(38B) 109.3 
S(2)-C(38)-H(38B) 109.3 
H(38A)-C(38)-H(38B) 108 
O(15)-C(39)-N(11) 125.8(7) 
O(15)-C(39)-C(37) 120.4(6) 
N(11)-C(39)-C(37) 113.7(6) 
N(11)-C(40)-C(43) 105.0(6) 
N(11)-C(40)-C(41) 112.0(6) 
C(43)-C(40)-C(41) 113.8(6) 
N(11)-C(40)-H(40) 108.6 
C(43)-C(40)-H(40) 108.6 
C(41)-C(40)-H(40) 108.6 
C(42)-C(41)-C(40) 112.2(7) 
C(42)-C(41)-H(41A) 109.2 
C(40)-C(41)-H(41A) 109.2 
C(42)-C(41)-H(41B) 109.2 
C(40)-C(41)-H(41B) 109.2 
H(41A)-C(41)-H(41B) 107.9 
O(16)-C(42)-N(12) 122.2(7) 
O(16)-C(42)-C(41) 119.5(7) 
N(12)-C(42)-C(41) 118.1(8) 
O(17)-C(43)-N(13) 121.6(7) 
O(17)-C(43)-C(40) 120.4(7) 
N(13)-C(43)-C(40) 118.0(7) 
N(13)-C(44)-C(45) 112.8(7) 
N(13)-C(44)-C(48) 113.6(8) 
C(45)-C(44)-C(48) 110.3(9) 
N(13)-C(44)-H(44) 106.6 
C(45)-C(44)-H(44) 106.6 
C(48)-C(44)-H(44) 106.6 
C(46)-C(45)-C(47) 113.4(12) 
C(46)-C(45)-C(44) 108.3(12) 
C(47)-C(45)-C(44) 111.6(10) 
C(46)-C(45)-H(45A) 107.8 
C(47)-C(45)-H(45A) 107.8 
C(44)-C(45)-H(45A) 107.8 
C(45)-C(46)-H(46A) 109.5 
C(45)-C(46)-H(46B) 109.5 
H(46A)-C(46)-H(46B) 109.5 
C(45)-C(46)-H(46C) 109.5 
H(46A)-C(46)-H(46C) 109.5 
H(46B)-C(46)-H(46C) 109.5 
C(45)-C(47)-H(47A) 109.5 
C(45)-C(47)-H(47B) 109.5 
H(47A)-C(47)-H(47B) 109.5 
C(45)-C(47)-H(47C) 109.5 
H(47A)-C(47)-H(47C) 109.5 
H(47B)-C(47)-H(47C) 109.5 
O(18)-C(48)-N(14) 121.7(10) 
O(18)-C(48)-C(44) 118.7(11) 
N(14)-C(48)-C(44) 119.4(8) 
N(14)-C(49)-C(53) 113.6(9) 
N(14)-C(49)-C(50) 107.9(9) 
C(53)-C(49)-C(50) 109.5(9) 
N(14)-C(49)-H(49) 108.6 
C(53)-C(49)-H(49) 108.6 
C(50)-C(49)-H(49) 108.6 
C(51)-C(50)-C(49) 115.2(10) 
C(51)-C(50)-H(50A) 108.5 
C(49)-C(50)-H(50A) 108.5 
C(51)-C(50)-H(50B) 108.5 
C(49)-C(50)-H(50B) 108.5 
H(50A)-C(50)-H(50B) 107.5 
C(52)-C(51)-C(50) 112.1(10) 
C(52)-C(51)-H(51A) 109.2 
C(50)-C(51)-H(51A) 109.2 
C(52)-C(51)-H(51B) 109.2 
C(50)-C(51)-H(51B) 109.2 
H(51A)-C(51)-H(51B) 107.9 
O(19)-C(52)-N(15) 121.0(12) 
O(19)-C(52)-C(51) 123.2(12) 
N(15)-C(52)-C(51) 115.8(11) 
O(20)-C(53)-N(16) 122.7(9) 
O(20)-C(53)-C(49) 120.8(9) 
N(16)-C(53)-C(49) 116.3(8) 
N(16)-C(54)-C(62) 115.2(7) 
N(16)-C(54)-C(55) 109.1(7) 
C(62)-C(54)-C(55) 108.5(7) 
N(16)-C(54)-H(54) 107.9 
C(62)-C(54)-H(54) 107.9 
C(55)-C(54)-H(54) 107.9 
C(56)-C(55)-C(54) 115.5(8) 
C(56)-C(55)-H(55A) 108.4 
C(54)-C(55)-H(55A) 108.4 
C(56)-C(55)-H(55B) 108.4 
C(54)-C(55)-H(55B) 108.4 
H(55A)-C(55)-H(55B) 107.5 
C(61)-C(56)-C(57) 119.1(10) 
C(61)-C(56)-C(55) 121.5(9) 
C(57)-C(56)-C(55) 119.2(9) 
C(56)-C(57)-C(58) 120.3(11) 
C(56)-C(57)-H(57) 119.8 
C(58)-C(57)-H(57) 119.8 
C(59)-C(58)-C(57) 119.2(11) 
C(59)-C(58)-H(58) 120.4 
C(57)-C(58)-H(58) 120.4 
C(60)-C(59)-C(58) 122.7(12) 
C(60)-C(59)-H(59) 118.6 
C(58)-C(59)-H(59) 118.6 
C(59)-C(60)-C(61) 118.0(11) 
C(59)-C(60)-H(60) 121 
C(61)-C(60)-H(60) 121 
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C(56)-C(61)-C(60) 120.4(10) 
C(56)-C(61)-H(61) 119.8 
C(60)-C(61)-H(61) 119.8 
O(21)-C(62)-N(17) 126.0(9) 
O(21)-C(62)-C(54) 118.6(8) 
N(17)-C(62)-C(54) 115.2(7) 
N(17)-C(63)-C(71) 110.5(6) 
N(17)-C(63)-C(64) 113.9(8) 
C(71)-C(63)-C(64) 108.0(7) 
N(17)-C(63)-H(63) 108.1 
C(71)-C(63)-H(63) 108.1 
C(64)-C(63)-H(63) 108.1 
C(65)-C(64)-C(63) 115.7(7) 
C(65)-C(64)-H(64A) 108.4 
C(63)-C(64)-H(64A) 108.4 
C(65)-C(64)-H(64B) 108.4 
C(63)-C(64)-H(64B) 108.4 
H(64A)-C(64)-H(64B) 107.4 
C(66)-C(65)-C(70) 120 
C(66)-C(65)-C(64) 116.9(7) 
C(70)-C(65)-C(64) 122.8(7) 
C(65)-C(66)-C(67) 120 
C(65)-C(66)-H(66) 120 
C(67)-C(66)-H(66) 120 
C(66)-C(67)-C(68) 120 
C(66)-C(67)-H(67) 120 
C(68)-C(67)-H(67) 120 
C(69)-C(68)-C(67) 120 
C(69)-C(68)-O(22) 121.3(11) 
C(67)-C(68)-O(22) 118.6(11) 
C(68)-C(69)-C(70) 120 
C(68)-C(69)-H(69) 120 
C(70)-C(69)-H(69) 120 
C(69)-C(70)-C(65) 120 
C(69)-C(70)-H(70) 120 
C(65)-C(70)-H(70) 120 
O(23)-C(71)-N(18) 122.0(6) 
O(23)-C(71)-C(63) 122.1(6) 
N(18)-C(71)-C(63) 115.9(6) 
N(18)-C(72)-C(73) 104.1(6) 
N(18)-C(72)-H(72A) 110.9 
C(73)-C(72)-H(72A) 110.9 
N(18)-C(72)-H(72B) 110.9 
C(73)-C(72)-H(72B) 110.9 
H(72A)-C(72)-H(72B) 108.9 
C(72)-C(73)-C(74) 103.4(6) 
C(72)-C(73)-H(73A) 111.1 
C(74)-C(73)-H(73A) 111.1 
C(72)-C(73)-H(73B) 111.1 
C(74)-C(73)-H(73B) 111.1 
H(73A)-C(73)-H(73B) 109 
C(73)-C(74)-C(75) 104.3(6) 
C(73)-C(74)-H(74A) 110.9 
C(75)-C(74)-H(74A) 110.9 
C(73)-C(74)-H(74B) 110.9 
C(75)-C(74)-H(74B) 110.9 
H(74A)-C(74)-H(74B) 108.9 
N(18)-C(75)-C(76) 109.6(5) 
N(18)-C(75)-C(74) 101.2(5) 
C(76)-C(75)-C(74) 110.7(6) 
N(18)-C(75)-H(75) 111.6 
C(76)-C(75)-H(75) 111.6 
C(74)-C(75)-H(75) 111.6 
O(24)-C(76)-N(19) 121.5(6) 
O(24)-C(76)-C(75) 122.2(6) 
N(19)-C(76)-C(75) 116.3(5) 
N(19)-C(77)-C(78) 111.5(5) 
N(19)-C(77)-C(79) 111.4(5) 
C(78)-C(77)-C(79) 109.2(6) 
N(19)-C(77)-H(77) 108.2 
C(78)-C(77)-H(77) 108.2 
C(79)-C(77)-H(77) 108.2 
C(77)-C(78)-S(3) 113.5(5) 
C(77)-C(78)-H(78A) 108.9 
S(3)-C(78)-H(78A) 108.9 
C(77)-C(78)-H(78B) 108.9 
S(3)-C(78)-H(78B) 108.9 
H(78A)-C(78)-H(78B) 107.7 
O(25)-C(79)-N(20) 124.5(6) 
O(25)-C(79)-C(77) 120.1(6) 
N(20)-C(79)-C(77) 115.4(6) 
N(20)-C(80)-C(81) 111.6(6) 
N(20)-C(80)-C(82) 110.3(6) 
C(81)-C(80)-C(82) 108.1(6) 
N(20)-C(80)-H(80) 108.9 
C(81)-C(80)-H(80) 108.9 
C(82)-C(80)-H(80) 108.9 
C(80)-C(81)-S(4) 115.6(6) 
C(80)-C(81)-H(81A) 108.4 
S(4)-C(81)-H(81A) 108.4 
C(80)-C(81)-H(81B) 108.4 
S(4)-C(81)-H(81B) 108.4 
H(81A)-C(81)-H(81B) 107.4 
O(26)-C(82)-N(21) 123.5(7) 
O(26)-C(82)-C(80) 120.3(7) 
N(21)-C(82)-C(80) 116.2(6) 
N(21)-C(83)-C(84) 106.2(7) 
N(21)-C(83)-H(83A) 110.5 
C(84)-C(83)-H(83A) 110.5 
N(21)-C(83)-H(83B) 110.5 
C(84)-C(83)-H(83B) 110.5 
H(83A)-C(83)-H(83B) 108.7 
C(83)-C(84)-C(85) 102.1(7) 
C(83)-C(84)-H(84A) 111.4 
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C(85)-C(84)-H(84A) 111.4 
C(83)-C(84)-H(84B) 111.4 
C(85)-C(84)-H(84B) 111.4 
H(84A)-C(84)-H(84B) 109.2 
C(86)-C(85)-C(84) 103.2(7) 
C(86)-C(85)-H(85A) 111.1 
C(84)-C(85)-H(85A) 111.1 
C(86)-C(85)-H(85B) 111.1 
C(84)-C(85)-H(85B) 111.1 
H(85A)-C(85)-H(85B) 109.1 
N(21)-C(86)-C(87) 112.7(7) 
N(21)-C(86)-C(85) 102.3(6) 
C(87)-C(86)-C(85) 112.8(7) 
N(21)-C(86)-H(86) 109.6 
C(87)-C(86)-H(86) 109.6 
C(85)-C(86)-H(86) 109.6 
O(27)-C(87)-N(22) 122.5(8) 
O(27)-C(87)-C(86) 123.2(7) 
N(22)-C(87)-C(86) 114.2(8) 
N(22)-C(88)-C(89) 117.5(6) 
N(22)-C(88)-H(88A) 107.9 
C(89)-C(88)-H(88A) 107.9 
N(22)-C(88)-H(88B) 107.9 
C(89)-C(88)-H(88B) 107.9 
H(88A)-C(88)-H(88B) 107.2 
O(28)-C(89)-N(23) 124.9(7) 
O(28)-C(89)-C(88) 121.4(7) 
N(23)-C(89)-C(88) 113.7(7) 
N(23)-C(90)-C(95) 114.0(7) 
N(23)-C(90)-C(91) 109.2(6) 
C(95)-C(90)-C(91) 110.1(6) 
N(23)-C(90)-H(90) 107.8 
C(95)-C(90)-H(90) 107.8 
C(91)-C(90)-H(90) 107.8 
C(92)-C(91)-C(90) 116.2(7) 
C(92)-C(91)-H(91A) 108.2 
C(90)-C(91)-H(91A) 108.2 
C(92)-C(91)-H(91B) 108.2 
C(90)-C(91)-H(91B) 108.2 
H(91A)-C(91)-H(91B) 107.4 
C(91)-C(92)-C(93) 108.7(9) 
C(91)-C(92)-C(94) 110.1(9) 
C(93)-C(92)-C(94) 112.1(9) 
C(91)-C(92)-H(92) 108.7 
C(93)-C(92)-H(92) 108.7 
C(94)-C(92)-H(92) 108.7 
C(92)-C(93)-H(93A) 109.5 
C(92)-C(93)-H(93B) 109.5 
H(93A)-C(93)-H(93B) 109.5 
C(92)-C(93)-H(93C) 109.5 
H(93A)-C(93)-H(93C) 109.5 
H(93B)-C(93)-H(93C) 109.5 
C(92)-C(94)-H(94A) 109.5 
C(92)-C(94)-H(94B) 109.5 
H(94A)-C(94)-H(94B) 109.5 
C(92)-C(94)-H(94C) 109.5 
H(94A)-C(94)-H(94C) 109.5 
H(94B)-C(94)-H(94C) 109.5 
O(29)-C(95)-N(24) 120.5(6) 
O(29)-C(95)-C(90) 121.7(7) 
N(24)-C(95)-C(90) 117.8(7) 
N(24)-C(96)-C(97) 114.6(6) 
N(24)-C(96)-H(96A) 108.6 
C(97)-C(96)-H(96A) 108.6 
N(24)-C(96)-H(96B) 108.6 
C(97)-C(96)-H(96B) 108.6 
H(96A)-C(96)-H(96B) 107.6 
O(30)-C(97)-N(25) 122.6(7) 
O(30)-C(97)-C(96) 118.5(6) 
N(25)-C(97)-C(96) 118.9(6) 
N(25)-C(98)-C(103) 112.8(6) 
N(25)-C(98)-C(99) 109.3(6) 
C(103)-C(98)-C(99) 108.2(6) 
N(25)-C(98)-H(98) 108.9 
C(103)-C(98)-H(98) 108.9 
C(99)-C(98)-H(98) 108.9 
C(98)-C(99)-C(100) 113.2(6) 
C(98)-C(99)-H(99A) 108.9 
C(100)-C(99)-H(99A) 108.9 
C(98)-C(99)-H(99B) 108.9 
C(100)-C(99)-H(99B) 108.9 
H(99A)-C(99)-H(99B) 107.8 
C(102)-C(100)-C(101) 114.7(6) 
C(102)-C(100)-C(99) 111.2(6) 
C(101)-C(100)-C(99) 107.5(7) 
C(102)-C(100)-H(100) 107.7 
C(101)-C(100)-H(100) 107.7 
C(99)-C(100)-H(100) 107.7 
C(100)-C(101)-H(10A) 109.5 
C(100)-C(101)-H(10B) 109.5 
H(10A)-C(101)-H(10B) 109.5 
C(100)-C(101)-H(10C) 109.5 
H(10A)-C(101)-H(10C) 109.5 
H(10B)-C(101)-H(10C) 109.5 
C(100)-C(102)-H(10D) 109.5 
C(100)-C(102)-H(10E) 109.5 
H(10D)-C(102)-H(10E) 109.5 
C(100)-C(102)-H(10F) 109.5 
H(10D)-C(102)-H(10F) 109.5 
H(10E)-C(102)-H(10F) 109.5 
O(31)-C(103)-N(26) 122.9(7) 
O(31)-C(103)-C(98) 123.3(6) 
N(26)-C(103)-C(98) 113.8(6) 
N(26)-C(104)-C(107) 107.4(5) 
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N(26)-C(104)-C(105) 107.9(6) 
C(107)-C(104)-C(105) 114.0(5) 
N(26)-C(104)-H(104) 109.2 
C(107)-C(104)-H(104) 109.2 
C(105)-C(104)-H(104) 109.2 
O(32)-C(105)-C(106) 110.9(6) 
O(32)-C(105)-C(104) 104.0(5) 
C(106)-C(105)-C(104) 116.5(5) 
O(32)-C(105)-H(105) 108.4 
C(106)-C(105)-H(105) 108.4 
C(104)-C(105)-H(105) 108.4 
C(105)-C(106)-H(10G) 109.5 
C(105)-C(106)-H(10H) 109.5 
H(10G)-C(106)-H(10H) 109.5 
C(105)-C(106)-H(10I) 109.5 
H(10G)-C(106)-H(10I) 109.5 
H(10H)-C(106)-H(10I) 109.5 
O(33)-C(107)-N(27) 119.9(6) 
O(33)-C(107)-C(104) 122.7(6) 
N(27)-C(107)-C(104) 117.4(6) 
N(27)-C(108)-C(109) 110.4(5) 
N(27)-C(108)-C(110) 110.0(5) 
C(109)-C(108)-C(110) 110.6(5) 
N(27)-C(108)-H(108) 108.6 
C(109)-C(108)-H(108) 108.6 
C(110)-C(108)-H(108) 108.6 
C(108)-C(109)-S(5) 112.8(5) 
C(108)-C(109)-H(10J) 109 
S(5)-C(109)-H(10J) 109 
C(108)-C(109)-H(10K) 109 
S(5)-C(109)-H(10K) 109 
H(10J)-C(109)-H(10K) 107.8 
O(34)-C(110)-N(28) 124.8(5) 
O(34)-C(110)-C(108) 118.8(5) 
N(28)-C(110)-C(108) 116.2(5) 
N(28)-C(111)-C(116) 110.5(5) 
N(28)-C(111)-C(112) 112.4(5) 
C(116)-C(111)-C(112) 108.0(5) 
N(28)-C(111)-H(111) 108.6 
C(116)-C(111)-H(111) 108.6 
C(112)-C(111)-H(111) 108.6 
C(113)-C(112)-C(114) 110.8(6) 
C(113)-C(112)-C(111) 109.2(6) 
C(114)-C(112)-C(111) 109.8(5) 
C(113)-C(112)-H(112) 109 
C(114)-C(112)-H(112) 109 
C(111)-C(112)-H(112) 109 
C(112)-C(113)-H(11D) 109.5 
C(112)-C(113)-H(11E) 109.5 
H(11D)-C(113)-H(11E) 109.5 
C(112)-C(113)-H(11F) 109.5 
H(11D)-C(113)-H(11F) 109.5 
H(11E)-C(113)-H(11F) 109.5 
C(115)-C(114)-C(112) 112.2(7) 
C(115)-C(114)-H(11G) 109.2 
C(112)-C(114)-H(11G) 109.2 
C(115)-C(114)-H(11H) 109.2 
C(112)-C(114)-H(11H) 109.2 
H(11G)-C(114)-H(11H) 107.9 
C(114)-C(115)-H(11I) 109.5 
C(114)-C(115)-H(11J) 109.5 
H(11I)-C(115)-H(11J) 109.5 
C(114)-C(115)-H(11K) 109.5 
H(11I)-C(115)-H(11K) 109.5 
H(11J)-C(115)-H(11K) 109.5 
O(35)-C(116)-N(29) 120.1(6) 
O(35)-C(116)-C(111) 120.9(6) 
N(29)-C(116)-C(111) 119.0(5) 
N(29)-C(117)-C(118) 103.6(6) 
N(29)-C(117)-H(11L) 111 
C(118)-C(117)-H(11L) 111 
N(29)-C(117)-H(11M) 111 
C(118)-C(117)-H(11M) 111 
H(11L)-C(117)-H(11M) 109 
C(119)-C(118)-C(117) 101.5(7) 
C(119)-C(118)-H(11R) 111.5 
C(117)-C(118)-H(11R) 111.5 
C(119)-C(118)-H(11O) 111.5 
C(117)-C(118)-H(11O) 111.5 
H(11R)-C(118)-H(11O) 109.3 
C(118)-C(119)-C(120) 105.4(6) 
C(118)-C(119)-H(11P) 110.7 
C(120)-C(119)-H(11P) 110.7 
C(118)-C(119)-H(11Q) 110.7 
C(120)-C(119)-H(11Q) 110.7 
H(11P)-C(119)-H(11Q) 108.8 
N(29)-C(120)-C(121) 114.4(5) 
N(29)-C(120)-C(119) 100.6(5) 
C(121)-C(120)-C(119) 111.1(6) 
N(29)-C(120)-H(120) 110.1 
C(121)-C(120)-H(120) 110.1 
C(119)-C(120)-H(120) 110.1 
O(36)-C(121)-N(30) 122.8(7) 
O(36)-C(121)-C(120) 118.6(6) 
N(30)-C(121)-C(120) 118.6(5) 
N(30)-C(122)-C(123) 114.5(5) 
N(30)-C(122)-H(12D) 108.6 
C(123)-C(122)-H(12D) 108.6 
N(30)-C(122)-H(12E) 108.6 
C(123)-C(122)-H(12E) 108.6 
H(12D)-C(122)-H(12E) 107.6 
O(37)-C(123)-N(31) 121.4(6) 
O(37)-C(123)-C(122) 121.0(6) 
N(31)-C(123)-C(122) 117.6(6) 
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N(31)-C(124)-C(127) 116.3(6) 
N(31)-C(124)-C(125) 109.9(6) 
C(127)-C(124)-C(125) 111.5(6) 
N(31)-C(124)-H(124) 106.2 
C(127)-C(124)-H(124) 106.2 
C(125)-C(124)-H(124) 106.2 
C(126)-C(125)-C(124) 112.6(6) 
C(126)-C(125)-H(12F) 109.1 
C(124)-C(125)-H(12F) 109.1 
C(126)-C(125)-H(12G) 109.1 
C(124)-C(125)-H(12G) 109.1 
H(12F)-C(125)-H(12G) 107.8 
O(38)-C(126)-N(32) 122.4(7) 
O(38)-C(126)-C(125) 123.1(7) 
N(32)-C(126)-C(125) 114.5(7) 
O(39)-C(127)-N(33) 117.7(7) 
O(39)-C(127)-C(124) 121.3(7) 
N(33)-C(127)-C(124) 120.8(7) 
N(33)-C(128)-C(129) 103.3(7) 
N(33)-C(128)-H(12H) 111.1 
C(129)-C(128)-H(12H) 111.1 
N(33)-C(128)-H(12I) 111.1 
C(129)-C(128)-H(12I) 111.1 
H(12H)-C(128)-H(12I) 109.1 
C(128)-C(129)-C(130) 105.7(7) 
C(128)-C(129)-H(12J) 110.6 
C(130)-C(129)-H(12J) 110.6 
C(128)-C(129)-H(12K) 110.6 
C(130)-C(129)-H(12K) 110.6 
H(12J)-C(129)-H(12K) 108.7 
C(129)-C(130)-C(131) 102.0(7) 
C(129)-C(130)-H(13B) 111.4 
C(131)-C(130)-H(13B) 111.4 
C(129)-C(130)-H(13C) 111.4 
C(131)-C(130)-H(13C) 111.4 
H(13B)-C(130)-H(13C) 109.2 
N(33)-C(131)-C(132) 113.5(6) 
N(33)-C(131)-C(130) 101.8(6) 
C(132)-C(131)-C(130) 109.4(6) 
N(33)-C(131)-H(131) 110.6 
C(132)-C(131)-H(131) 110.6 
C(130)-C(131)-H(131) 110.6 
O(40)-C(132)-N(34) 124.8(7) 
O(40)-C(132)-C(131) 116.6(6) 
N(34)-C(132)-C(131) 118.5(6) 
N(34)-C(133)-C(134) 110.6(6) 
N(34)-C(133)-C(136) 111.1(5) 
C(134)-C(133)-C(136) 107.2(6) 
N(34)-C(133)-H(133) 109.3 
C(134)-C(133)-H(133) 109.3 
C(136)-C(133)-H(133) 109.3 
C(135)-C(134)-C(133) 114.6(7) 
C(135)-C(134)-H(13D) 108.6 
C(133)-C(134)-H(13D) 108.6 
C(135)-C(134)-H(13E) 108.6 
C(133)-C(134)-H(13E) 108.6 
H(13D)-C(134)-H(13E) 107.6 
O(41)-C(135)-O(42) 123.1(8) 
O(41)-C(135)-C(134) 124.9(8) 
O(42)-C(135)-C(134) 112.0(8) 
O(43)-C(136)-N(35) 123.2(6) 
O(43)-C(136)-C(133) 121.1(6) 
N(35)-C(136)-C(133) 115.7(6) 
N(35)-C(137)-C(138) 109.0(5) 
N(35)-C(137)-H(13F) 109.9 
C(138)-C(137)-H(13F) 109.9 
N(35)-C(137)-H(13G) 109.9 
C(138)-C(137)-H(13G) 109.9 
H(13F)-C(137)-H(13G) 108.3 
O(44)-C(138)-N(36) 122.9(6) 
O(44)-C(138)-C(137) 123.5(6) 
N(36)-C(138)-C(137) 113.5(6) 
N(36)-C(139)-C(142) 106.8(5) 
N(36)-C(139)-C(140) 110.1(6) 
C(142)-C(139)-C(140) 114.1(6) 
N(36)-C(139)-H(139) 108.6 
C(142)-C(139)-H(139) 108.6 
C(140)-C(139)-H(139) 108.6 
O(45)-C(140)-C(141) 109.5(6) 
O(45)-C(140)-C(139) 110.2(7) 
C(141)-C(140)-C(139) 111.6(6) 
O(45)-C(140)-H(140) 108.5 
C(141)-C(140)-H(140) 108.5 
C(139)-C(140)-H(140) 108.5 
C(140)-C(141)-H(14C) 109.5 
C(140)-C(141)-H(14D) 109.5 
H(14C)-C(141)-H(14D) 109.5 
C(140)-C(141)-H(14E) 109.5 
H(14C)-C(141)-H(14E) 109.5 
H(14D)-C(141)-H(14E) 109.5 
O(46)-C(142)-N(37) 122.1(6) 
O(46)-C(142)-C(139) 121.0(6) 
N(37)-C(142)-C(139) 116.9(5) 
N(37)-C(143)-C(144) 111.3(5) 
N(37)-C(143)-C(145) 109.8(5) 
C(144)-C(143)-C(145) 108.8(5) 
N(37)-C(143)-H(143) 109 
C(144)-C(143)-H(143) 109 
C(145)-C(143)-H(143) 109 
C(143)-C(144)-S(6) 112.1(5) 
C(143)-C(144)-H(14F) 109.2 
S(6)-C(144)-H(14F) 109.2 
C(143)-C(144)-H(14G) 109.2 
S(6)-C(144)-H(14G) 109.2 
169 
 
H(14F)-C(144)-H(14G) 107.9 
O(47)-C(145)-N(38) 123.6(7) 
O(47)-C(145)-C(143) 120.6(6) 
N(38)-C(145)-C(143) 115.8(5) 
N(38)-C(146)-C(154) 109.5(5) 
N(38)-C(146)-C(147) 108.7(6) 
C(154)-C(146)-C(147) 110.8(5) 
N(38)-C(146)-H(146) 109.3 
C(154)-C(146)-H(146) 109.3 
C(147)-C(146)-H(146) 109.3 
C(148)-C(147)-C(146) 113.7(6) 
C(148)-C(147)-H(14H) 108.8 
C(146)-C(147)-H(14H) 108.8 
C(148)-C(147)-H(14I) 108.8 
C(146)-C(147)-H(14I) 108.8 
H(14H)-C(147)-H(14I) 107.7 
C(149)-C(148)-C(153) 118.1(7) 
C(149)-C(148)-C(147) 120.5(7) 
C(153)-C(148)-C(147) 121.4(7) 
C(150)-C(149)-C(148) 122.3(8) 
C(150)-C(149)-H(149) 118.8 
C(148)-C(149)-H(149) 118.8 
C(149)-C(150)-C(151) 120.0(8) 
C(149)-C(150)-H(150) 120 
C(151)-C(150)-H(150) 120 
O(48)-C(151)-C(150) 119.3(8) 
O(48)-C(151)-C(152) 121.4(9) 
C(150)-C(151)-C(152) 119.3(8) 
C(151)-C(152)-C(153) 119.8(8) 
C(151)-C(152)-H(152) 120.1 
C(153)-C(152)-H(152) 120.1 
C(148)-C(153)-C(152) 120.5(7) 
C(148)-C(153)-H(153) 119.8 
C(152)-C(153)-H(153) 119.8 
O(49)-C(154)-N(39) 122.0(6) 
O(49)-C(154)-C(146) 120.2(6) 
N(39)-C(154)-C(146) 117.8(6) 
N(39)-C(155)-C(163) 113.4(5) 
N(39)-C(155)-C(156) 109.2(6) 
C(163)-C(155)-C(156) 107.1(6) 
N(39)-C(155)-H(155) 109 
C(163)-C(155)-H(155) 109 
C(156)-C(155)-H(155) 109 
C(157)-C(156)-C(155) 111.3(6) 
C(157)-C(156)-H(15D) 109.4 
C(155)-C(156)-H(15D) 109.4 
C(157)-C(156)-H(15E) 109.4 
C(155)-C(156)-H(15E) 109.4 
H(15D)-C(156)-H(15E) 108 
C(158)-C(157)-C(162) 118.3(7) 
C(158)-C(157)-C(156) 123.5(7) 
C(162)-C(157)-C(156) 118.1(7) 
C(157)-C(158)-C(159) 122.0(7) 
C(157)-C(158)-H(158) 119 
C(159)-C(158)-H(158) 119 
C(160)-C(159)-C(158) 120.1(8) 
C(160)-C(159)-H(159) 120 
C(158)-C(159)-H(159) 120 
C(159)-C(160)-O(50) 123.9(7) 
C(159)-C(160)-C(161) 119.7(7) 
O(50)-C(160)-C(161) 116.4(7) 
C(162)-C(161)-C(160) 119.5(7) 
C(162)-C(161)-H(161) 120.3 
C(160)-C(161)-H(161) 120.3 
C(161)-C(162)-C(157) 120.3(7) 
C(161)-C(162)-H(162) 119.8 
C(157)-C(162)-H(162) 119.8 
O(51)-C(163)-N(40) 125.5(7) 
O(51)-C(163)-C(155) 121.3(6) 
N(40)-C(163)-C(155) 113.1(6) 
N(40)-C(164)-C(165) 112.9(8) 
N(40)-C(164)-C(169) 111.1(6) 
C(165)-C(164)-C(169) 113.6(8) 
N(40)-C(164)-H(164) 106.2 
C(165)-C(164)-H(164) 106.2 
C(169)-C(164)-H(164) 106.2 
C(164)-C(165)-C(166) 115.4(9) 
C(164)-C(165)-H(16A) 108.4 
C(166)-C(165)-H(16A) 108.4 
C(164)-C(165)-H(16B) 108.4 
C(166)-C(165)-H(16B) 108.4 
H(16A)-C(165)-H(16B) 107.5 
C(168)-C(166)-C(167) 113.2(10) 
C(168)-C(166)-C(165) 110.1(10) 
C(167)-C(166)-C(165) 111.3(10) 
C(168)-C(166)-H(166) 107.3 
C(167)-C(166)-H(166) 107.3 
C(165)-C(166)-H(166) 107.3 
C(166)-C(167)-H(16C) 109.5 
C(166)-C(167)-H(16D) 109.5 
H(16C)-C(167)-H(16D) 109.5 
C(166)-C(167)-H(16E) 109.5 
H(16C)-C(167)-H(16E) 109.5 
H(16D)-C(167)-H(16E) 109.5 
C(166)-C(168)-H(16F) 109.5 
C(166)-C(168)-H(16G) 109.5 
H(16F)-C(168)-H(16G) 109.5 
C(166)-C(168)-H(16H) 109.5 
H(16F)-C(168)-H(16H) 109.5 
H(16G)-C(168)-H(16H) 109.5 
O(53)-C(169)-O(52) 125.0(8) 
O(53)-C(169)-C(164) 116.0(7) 
O(52)-C(169)-C(164) 118.7(8) 
O(54)-C(170)-N(1) 130(2) 
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O(54)-C(170)-C(1) 121(2) 
N(1)-C(170)-C(1) 108.1(14) 
 
Table 16.  Anisotropic displacement parameters (Å2x 103) for asteropsin A.  The 
anisotropic displacement factor exponent takes the form: -2 2[ h2a*2U11 + ... + 2 h k a* 
b* U12] 
 U11 U22 U33 U23 U13 
S(1) 72(1) 58(1) 55(1) -8(1) -9(1) 
S(2) 35(1) 42(1) 41(1) -4(1) -1(1) 
S(3) 43(1) 42(1) 43(1) -5(1) -8(1) 
S(4) 63(1) 73(1) 43(1) -6(1) -13(1) 
S(5) 41(1) 49(1) 35(1) -7(1) -4(1) 
S(6) 43(1) 45(1) 36(1) -5(1) -2(1) 
O(1) 84(4) 72(4) 77(5) -4(3) 0(3) 
O(2) 84(3) 63(3) 39(3) 0(2) -18(3) 
O(3) 52(3) 63(3) 73(4) -3(3) -13(2) 
O(4) 41(3) 61(3) 59(4) -3(2) -2(2) 
O(5) 47(3) 82(4) 49(4) 4(3) -5(2) 
O(6) 138(9) 222(14) 85(8) 0(8) -6(7) 
O(7) 180(11) 256(16) 143(12) 92(11) -71(9) 
O(8) 45(3) 100(4) 73(4) 13(3) -21(3) 
O(9) 56(3) 57(3) 100(5) -3(3) -12(3) 
O(10) 62(3) 67(3) 48(4) -13(2) -6(2) 
O(11) 90(4) 62(3) 51(4) -8(3) 0(3) 
O(12) 32(2) 66(3) 78(4) -19(3) 12(2) 
O(13) 83(4) 135(6) 72(5) -19(4) -5(4) 
O(14) 41(3) 63(3) 95(5) -27(3) -3(2) 
O(15) 59(3) 44(3) 54(3) 0(2) -12(2) 
O(16) 94(4) 56(3) 40(3) 3(2) -20(3) 
O(17) 79(3) 37(3) 60(4) -9(2) -17(3) 
O(18) 194(10) 65(5) 114(8) -20(5) 21(7) 
O(19) 70(5) 160(10) 350(20) 108(12) -42(8) 
O(20) 91(5) 50(4) 137(7) -6(4) -8(4) 
O(21) 82(4) 56(3) 83(5) -9(3) -1(3) 
O(22) 128(8) 123(8) 289(19) 8(9) 23(10) 
O(23) 58(3) 44(3) 49(3) -12(2) -12(2) 
O(24) 54(3) 55(3) 38(3) -7(2) -9(2) 
O(25) 44(3) 46(3) 54(3) -8(2) -4(2) 
O(26) 82(3) 39(3) 48(3) -1(2) -5(3) 
O(27) 104(4) 73(4) 36(3) -4(2) -6(3) 
O(28) 109(4) 65(3) 23(3) -12(2) -11(3) 
O(29) 74(3) 42(3) 61(4) -4(2) -9(3) 
O(30) 83(3) 58(3) 36(3) -9(2) 6(2) 
O(31) 105(5) 46(3) 92(5) -16(3) -60(4) 
O(32) 50(3) 69(3) 41(3) -1(2) -17(2) 
O(33) 34(2) 57(3) 36(3) -6(2) -4(2) 
O(34) 33(2) 48(2) 49(3) -11(2) -9(2) 
O(35) 36(2) 43(2) 45(3) -13(2) -1(2) 
O(36) 35(2) 76(3) 46(3) -5(2) -1(2) 
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O(37) 55(3) 54(3) 30(3) -10(2) -10(2) 
O(38) 61(3) 55(3) 45(3) -9(2) -7(2) 
O(39) 78(3) 77(3) 30(3) -20(2) -11(2) 
O(40) 63(3) 57(3) 35(3) -9(2) -6(2) 
O(41) 109(5) 70(5) 98(6) 12(4) 44(4) 
O(42) 66(3) 102(5) 56(4) 6(3) 12(3) 
O(43) 54(3) 61(3) 32(3) -13(2) 2(2) 
O(44) 39(2) 50(3) 50(3) -10(2) -4(2) 
O(45) 43(3) 64(3) 85(5) -25(3) 5(3) 
O(46) 37(2) 56(3) 48(3) -10(2) -3(2) 
O(47) 42(3) 80(4) 87(5) 26(3) -23(3) 
O(48) 108(5) 62(3) 71(4) 13(3) -33(4) 
O(49) 43(3) 60(3) 37(3) -11(2) -9(2) 
O(50) 89(4) 69(3) 43(3) -18(3) 3(3) 
O(51) 88(4) 45(3) 39(3) 1(2) -4(3) 
O(52) 125(5) 98(5) 46(4) -16(3) 18(4) 
O(53) 84(4) 56(3) 41(3) -14(2) 14(3) 
O(54) 330(20) 209(16) 200(19) -9(13) -65(17) 
N(1) 198(12) 164(11) 62(7) -11(7) 11(7) 
N(2) 77(4) 41(3) 58(5) -3(3) 4(3) 
N(3) 68(4) 61(4) 48(4) -5(3) -12(3) 
N(4) 56(3) 44(3) 50(4) -10(3) -2(3) 
N(5) 40(3) 80(4) 49(4) -24(3) 4(3) 
N(6) 59(4) 106(6) 49(5) 9(4) -15(3) 
N(7) 51(4) 91(5) 76(5) 18(4) -26(3) 
N(8) 46(3) 54(4) 73(5) 13(3) -8(3) 
N(9) 28(3) 66(4) 58(5) -18(3) -1(3) 
N(10) 34(3) 50(3) 36(3) -10(2) 2(2) 
N(11) 66(3) 46(3) 37(4) -8(2) -12(3) 
N(12) 99(5) 70(4) 37(4) 0(3) -18(4) 
N(13) 70(4) 59(4) 46(4) -17(3) 6(3) 
N(14) 64(4) 47(4) 87(6) -10(3) -9(4) 
N(15) 113(7) 84(6) 119(9) -5(5) 16(6) 
N(16) 88(5) 56(4) 60(5) -15(3) -5(4) 
N(17) 113(5) 61(4) 39(4) -7(3) -5(4) 
N(18) 57(3) 50(3) 27(3) -3(2) -1(2) 
N(19) 48(3) 43(3) 34(3) -4(2) -10(2) 
N(20) 45(3) 39(3) 49(4) -8(2) -4(3) 
N(21) 70(4) 45(3) 28(3) -8(2) -1(3) 
N(22) 70(4) 60(4) 34(4) -2(3) 5(3) 
N(23) 76(4) 47(3) 37(4) -8(3) -14(3) 
N(24) 60(3) 50(3) 34(4) -3(2) -8(3) 
N(25) 47(3) 57(3) 26(3) -9(2) 0(2) 
N(26) 45(3) 47(3) 38(4) -3(2) -17(2) 
N(27) 40(3) 46(3) 25(3) -9(2) -5(2) 
N(28) 34(2) 35(3) 42(3) -3(2) -8(2) 
N(29) 47(3) 44(3) 35(3) -10(2) 1(2) 
N(30) 35(3) 50(3) 29(3) -7(2) -3(2) 
N(31) 48(3) 49(3) 31(3) -7(2) -13(2) 
N(32) 75(4) 48(4) 72(5) -16(3) -7(4) 
N(33) 62(4) 65(4) 29(3) -9(3) -5(3) 
N(34) 54(3) 54(3) 28(3) -11(2) -5(2) 
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N(35) 54(3) 60(4) 32(3) -4(3) -3(3) 
N(36) 38(3) 46(3) 47(4) -11(3) 5(2) 
N(37) 34(3) 45(3) 43(4) -7(2) -4(2) 
N(38) 31(2) 47(3) 39(3) 0(2) -4(2) 
N(39) 53(3) 54(3) 20(3) -5(2) -13(2) 
N(40) 65(4) 67(4) 33(4) -8(3) 5(3) 
C(1) 163(13) 112(10) 98(12) -1(8) 12(9) 
C(2) 170(14) 173(15) 102(12) -43(10) 6(10) 
C(3) 119(9) 163(12) 53(7) -4(7) -9(6) 
C(4) 61(4) 64(5) 61(6) -6(4) 0(4) 
C(5) 54(4) 45(4) 55(5) -9(3) -5(3) 
C(6) 55(4) 49(4) 37(5) -8(3) -4(3) 
C(7) 53(4) 49(4) 38(4) -7(3) -4(3) 
C(8) 50(4) 58(4) 51(5) -6(3) -6(3) 
C(9) 59(4) 58(4) 36(4) -9(3) -4(3) 
C(10) 40(3) 49(4) 48(5) -15(3) -2(3) 
C(11) 55(4) 50(4) 57(5) -8(3) -3(3) 
C(12) 33(3) 45(4) 56(5) -11(3) -7(3) 
C(13) 45(4) 82(6) 51(5) -21(4) -3(3) 
C(14) 51(4) 78(6) 87(8) -24(5) -31(4) 
C(15) 51(5) 110(8) 118(10) -29(7) -45(6) 
C(16) 82(8) 116(11) 204(19) -69(11) 15(9) 
C(17) 90(9) 119(13) 270(30) -72(14) 22(12) 
C(18) 98(10) 96(10) 220(20) -46(12) -65(12) 
C(19) 142(12) 77(8) 115(12) -21(7) -59(10) 
C(20) 133(10) 87(8) 62(7) -6(6) -23(7) 
C(21) 32(3) 104(7) 41(5) -8(5) -5(3) 
C(22) 51(4) 92(7) 61(6) 4(5) -4(4) 
C(23) 73(6) 99(7) 71(7) 9(5) -16(5) 
C(24) 100(8) 135(11) 92(10) 24(8) -13(7) 
C(25) 138(11) 162(13) 77(10) 21(9) -16(8) 
C(26) 57(5) 74(5) 64(6) 21(4) -16(4) 
C(27) 61(5) 69(5) 74(7) -1(4) -14(4) 
C(28) 45(4) 79(6) 70(6) 2(5) -8(4) 
C(29) 35(3) 52(4) 62(5) 0(3) 3(3) 
C(30) 39(3) 64(4) 44(5) -5(3) -4(3) 
C(31) 32(3) 59(4) 37(4) -10(3) -2(3) 
C(32) 51(4) 60(4) 43(5) -11(4) -6(3) 
C(33) 53(4) 38(4) 72(6) -9(3) -4(4) 
C(34) 42(4) 55(4) 80(6) -23(4) -4(4) 
C(35) 46(4) 105(7) 56(6) -47(5) -18(4) 
C(36) 46(4) 52(4) 48(5) -12(3) 3(3) 
C(37) 43(3) 45(4) 38(4) -10(3) -9(3) 
C(38) 37(3) 44(4) 44(4) -11(3) -8(3) 
C(39) 47(4) 42(4) 45(4) -8(3) 0(3) 
C(40) 69(4) 44(4) 35(4) -8(3) -3(3) 
C(41) 64(4) 81(6) 42(5) -4(4) -11(4) 
C(42) 83(5) 57(5) 38(5) 3(3) -10(4) 
C(43) 61(4) 45(4) 48(5) 6(3) -8(3) 
C(44) 59(4) 48(4) 88(7) -26(4) 4(4) 
C(45) 85(6) 83(7) 133(11) -52(7) 39(7) 
C(46) 125(10) 126(11) 157(15) -42(10) 61(10) 
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C(47) 94(8) 162(14) 184(18) -111(13) 36(9) 
C(48) 100(7) 60(6) 84(8) -24(5) 0(6) 
C(49) 82(6) 71(6) 88(8) 10(5) -9(5) 
C(50) 101(7) 91(7) 73(8) 7(5) -25(6) 
C(51) 93(7) 75(6) 103(9) -3(6) -2(6) 
C(52) 102(8) 78(7) 106(10) 18(6) 11(7) 
C(53) 87(6) 52(5) 70(7) -13(4) 0(5) 
C(54) 91(6) 58(5) 57(6) 2(4) -7(4) 
C(55) 88(6) 70(5) 51(6) -2(4) -3(4) 
C(56) 100(7) 66(5) 64(6) -5(4) -2(5) 
C(57) 112(8) 90(7) 64(7) 3(5) -19(6) 
C(58) 114(8) 99(8) 86(9) 17(6) -23(7) 
C(59) 143(11) 125(10) 66(8) 18(7) -14(7) 
C(60) 129(9) 109(8) 58(7) -12(6) 5(6) 
C(61) 127(8) 101(7) 48(6) -8(5) 1(5) 
C(62) 79(5) 72(5) 47(5) -17(4) 8(4) 
C(63) 72(5) 66(5) 43(5) -17(4) 9(4) 
C(64) 72(6) 71(6) 123(10) -41(6) 29(6) 
C(65) 56(5) 87(7) 135(12) -25(7) -15(6) 
C(66) 81(7) 123(10) 100(10) 18(7) -5(6) 
C(67) 84(8) 109(9) 151(14) 21(8) -12(8) 
C(68) 78(8) 125(11) 210(20) 3(12) 17(10) 
C(69) 49(5) 96(8) 217(19) -62(10) 11(7) 
C(70) 59(6) 89(8) 238(19) -84(10) 12(8) 
C(71) 49(4) 49(4) 31(4) -10(3) -8(3) 
C(72) 47(4) 45(4) 55(5) -4(3) -4(3) 
C(73) 58(4) 42(4) 69(6) -7(3) 0(4) 
C(74) 54(4) 61(5) 56(5) 0(4) -9(4) 
C(75) 55(4) 41(4) 35(4) -3(3) -5(3) 
C(76) 45(3) 38(3) 34(4) -9(3) -1(3) 
C(77) 45(3) 45(4) 35(4) -14(3) -4(3) 
C(78) 46(3) 42(4) 43(4) -6(3) -9(3) 
C(79) 44(4) 41(4) 38(4) 5(3) -11(3) 
C(80) 54(4) 52(4) 35(4) -11(3) -3(3) 
C(81) 69(5) 60(4) 47(5) -12(3) -6(4) 
C(82) 63(4) 52(5) 47(5) -9(4) -13(3) 
C(83) 74(5) 46(4) 41(5) -2(3) -5(4) 
C(84) 102(7) 52(5) 62(6) 0(4) -15(5) 
C(85) 77(5) 74(6) 57(6) 5(4) 4(4) 
C(86) 82(5) 55(5) 42(5) -2(3) -6(4) 
C(87) 82(5) 47(4) 31(4) -6(3) -5(4) 
C(88) 84(5) 56(5) 50(5) -10(4) 7(4) 
C(89) 75(5) 52(4) 41(6) -12(3) 7(4) 
C(90) 73(5) 57(4) 36(4) -7(3) -12(4) 
C(91) 70(5) 51(4) 58(6) -6(3) -12(4) 
C(92) 80(6) 85(6) 87(8) -10(5) -14(5) 
C(93) 103(7) 80(6) 75(7) 5(5) -14(5) 
C(94) 126(10) 177(13) 82(9) -20(8) -19(7) 
C(95) 85(5) 49(5) 26(4) -6(3) -2(3) 
C(96) 70(4) 54(4) 34(4) -4(3) -11(3) 
C(97) 57(4) 53(4) 26(4) -1(3) -6(3) 
C(98) 56(4) 49(4) 31(4) -7(3) -5(3) 
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C(99) 45(3) 46(4) 43(4) -5(3) 4(3) 
C(100) 57(4) 62(5) 49(5) -15(3) 2(3) 
C(101) 73(5) 80(6) 63(6) -26(4) 20(4) 
C(102) 41(4) 66(5) 72(6) -7(4) -10(3) 
C(103) 58(4) 43(4) 41(4) -10(3) -9(3) 
C(104) 33(3) 51(4) 36(4) -11(3) -4(3) 
C(105) 33(3) 75(5) 33(4) -7(3) 3(3) 
C(106) 51(4) 56(4) 46(5) -5(3) -3(3) 
C(107) 41(3) 51(4) 28(4) -14(3) -4(3) 
C(108) 32(3) 37(3) 42(4) -9(3) -6(3) 
C(109) 43(3) 46(4) 45(5) -13(3) -11(3) 
C(110) 40(3) 41(4) 32(4) -11(3) 5(3) 
C(111) 33(3) 34(3) 46(4) -2(3) -2(3) 
C(112) 44(3) 40(3) 53(5) -3(3) -10(3) 
C(113) 54(4) 39(4) 55(5) -4(3) -6(3) 
C(114) 75(5) 55(4) 54(5) -5(4) 1(4) 
C(115) 120(8) 81(6) 56(6) -13(4) 2(5) 
C(116) 41(4) 36(3) 37(4) 1(3) -2(3) 
C(117) 50(4) 47(4) 37(4) -9(3) -1(3) 
C(118) 77(5) 58(5) 52(5) -8(4) -20(4) 
C(119) 61(4) 66(5) 59(6) -10(4) -24(4) 
C(120) 37(3) 64(4) 37(4) -5(3) -6(3) 
C(121) 34(4) 69(4) 35(4) -9(3) 3(3) 
C(122) 43(3) 60(4) 30(4) -19(3) 5(3) 
C(123) 48(4) 42(4) 40(4) -6(3) -10(3) 
C(124) 60(4) 57(4) 36(4) -18(3) -8(3) 
C(125) 61(4) 53(4) 47(5) -11(3) -1(3) 
C(126) 74(5) 58(5) 34(4) -10(3) -9(3) 
C(127) 59(4) 45(4) 42(5) -3(3) -15(3) 
C(128) 70(5) 74(5) 36(5) -2(4) -7(4) 
C(129) 86(6) 85(6) 40(5) 1(4) -4(4) 
C(130) 81(5) 57(4) 42(5) -2(3) -10(4) 
C(131) 58(4) 52(4) 35(4) -11(3) -7(3) 
C(132) 55(4) 55(4) 36(4) -7(3) -1(3) 
C(133) 51(4) 59(4) 40(4) -12(3) 3(3) 
C(134) 50(4) 64(5) 49(5) -8(3) 3(3) 
C(135) 59(5) 79(7) 59(6) -4(4) 21(4) 
C(136) 47(3) 50(4) 36(4) -16(3) 4(3) 
C(137) 47(3) 53(4) 37(4) -5(3) -3(3) 
C(138) 35(3) 48(4) 48(5) -13(3) 0(3) 
C(139) 43(3) 46(4) 52(5) -12(3) -8(3) 
C(140) 52(4) 47(4) 60(5) -8(3) -12(4) 
C(141) 49(4) 58(5) 79(7) -15(4) -25(4) 
C(142) 31(3) 37(3) 44(4) -3(3) -7(3) 
C(143) 37(3) 53(4) 36(4) -7(3) 3(3) 
C(144) 41(3) 53(4) 29(4) 2(3) -7(3) 
C(145) 38(4) 54(4) 45(4) -3(3) -9(3) 
C(146) 47(3) 45(4) 38(4) 2(3) -13(3) 
C(147) 56(4) 49(4) 48(5) -11(3) -2(3) 
C(148) 65(4) 49(4) 32(4) -11(3) -10(3) 
C(149) 63(4) 52(4) 56(5) -1(3) -12(4) 
C(150) 64(5) 53(5) 87(7) -5(4) -25(5) 
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C(151) 96(6) 46(4) 48(5) -5(3) -11(4) 
C(152) 83(6) 60(5) 57(6) -15(4) 2(4) 
C(153) 62(4) 49(4) 50(5) -14(3) 3(4) 
C(154) 40(4) 52(4) 41(5) -12(3) -2(3) 
C(155) 52(4) 44(4) 31(4) -5(3) -6(3) 
C(156) 71(5) 55(4) 46(5) -9(3) -18(4) 
C(157) 49(4) 55(4) 41(5) -10(3) -6(3) 
C(158) 90(5) 54(4) 29(4) -3(3) -13(4) 
C(159) 80(5) 48(4) 50(5) -7(3) -13(4) 
C(160) 56(4) 71(5) 35(4) -13(3) -4(3) 
C(161) 70(4) 51(4) 34(4) -11(3) -11(3) 
C(162) 61(4) 51(4) 33(4) 3(3) -12(3) 
C(163) 62(4) 50(4) 17(4) -2(3) -6(3) 
C(164) 69(5) 78(5) 51(5) -18(4) 2(4) 
C(165) 74(6) 133(9) 67(7) -21(6) 4(5) 
C(166) 67(5) 91(7) 82(8) -21(5) -3(5) 
C(167) 116(9) 98(9) 116(11) -31(7) -32(8) 
C(168) 103(8) 145(11) 72(8) -27(7) 14(6) 
C(169) 65(5) 74(6) 39(5) -13(4) 10(4) 
C(170) 370(40) 160(18) 190(30) -60(17) 0(20) 
O(101) 80(3) 47(3) 42(3) -3(2) -11(2) 
O(102) 111(6) 117(7) 169(11) -67(7) -54(6) 
O(103) 75(4) 89(5) 83(5) -13(4) -7(3) 
O(104) 82(4) 74(4) 53(4) -23(3) 9(3) 
O(105) 103(5) 131(7) 100(7) -15(5) -10(4) 
O(106) 103(6) 102(6) 135(9) -16(5) -28(5) 
O(107) 112(9) 370(30) 320(30) 130(20) -83(12) 
O(108) 220(17) 260(20) 210(20) -30(16) -85(15) 
O(109) 650(60) 145(12) 124(13) -4(9) -70(20) 
O(110) 204(18) 360(30) 270(30) -100(20) 24(18) 
O(201) 119(6) 90(6) 161(10) -24(5) 3(6) 
O(202) 92(5) 100(5) 128(8) -28(5) 7(5) 
O(203) 129(8) 198(12) 233(18) -68(11) -52(10) 
O(204) 225(16) 202(15) 179(15) -32(11) -5(12) 
O(205) 123(6) 78(5) 149(9) -21(5) -28(6) 
O(206) 114(6) 92(6) 134(8) -26(5) -11(5) 
O(207) 104(7) 172(10) 195(14) -12(9) -6(7) 
O(208) 156(11) 168(12) 237(19) -61(12) -15(12) 
O(209) 63(3) 65(4) 94(5) -9(3) -14(3) 
O(210) 207(15) 225(17) 195(18) -25(13) 2(13) 
O(211) 96(5) 135(6) 71(5) -6(4) 5(4) 
C(201) 122(10) 73(8) 152(14) -6(7) -20(9) 
C(202) 84(8) 203(17) 183(18) -52(13) -23(9) 
C(203) 155(15) 200(19) 200(20) 49(17) -92(16) 
C(204) 140(14) 240(20) 170(20) 69(18) 0(13) 
C(205) 121(10) 91(9) 156(15) -11(8) -33(9) 
C(206) 181(16) 92(10) 179(19) -54(10) 58(14) 
C(207) 110(10) 102(10) 330(30) -63(13) 83(14) 
C(208) 91(8) 119(11) 151(15) 16(10) -28(9) 
C(209) 117(9) 127(10) 124(12) -5(8) 3(8) 
C(210) 410(50) 190(20) 95(15) -32(14) 30(20) 
C(211) 151(16) 260(30) 250(30) -90(20) 129(19) 
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Table 17.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 
103) for asteropsin A. 
 x  y  z  U(eq) 
H(6) 813 8256 2414 244 
H(11) -644 4611 7486 94 
H(13) 946 6754 9101 140 
H(22) -299 1188 9176 268 
H(32) 8480 6915 5186 74 
H(42) 2874 6251 11138 118 
H(45) 805 8844 7532 95 
H(48) 4588 11565 3251 113 
H(50) 5655 7500 332 95 
H(53) 7067 6942 1406 87 
H(1N) 3235 154 9254 151 
H(2N) 2907 371 8437 70 
H(3N) 2303 983 6779 63 
H(4N) 3103 2995 6479 56 
H(5N) 485 4726 5738 66 
H(6N) 824 6045 4137 93 
H(7N) 862 8016 5053 80 
H(8N) 70 7195 5785 70 
H(9N) -563 6991 7613 58 
H(10N) 2511 6248 8006 46 
H(11N) 4221 3870 8495 54 
H(12A) 5275 3523 10889 82 
H(12B) 4533 4262 10619 82 
H(13N) 6702 3655 9215 65 
H(14N) 6977 2229 9802 80 
H(15A) 8981 -1364 10951 127 
H(15B) 7877 -1071 11067 127 
H(16N) 5629 1740 9716 78 
H(17N) 4741 2094 8993 76 
H(19N) 5801 3489 6511 47 
H(20N) 3905 3154 5305 53 
H(22N) 7675 2008 2967 66 
H(23N) 6225 3250 2731 63 
H(24N) 6765 4219 2383 56 
H(25N) 6192 4774 3378 50 
H(26N) 6023 6531 4465 51 
H(27N) 7358 5637 6036 43 
H(28N) 5209 7612 6615 42 
H(30N) 6108 7286 8376 45 
H(31N) 6909 6747 9374 51 
H(32A) 7366 8809 9834 78 
H(32B) 8439 8282 9778 78 
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H(34N) 5632 6172 10164 52 
H(35N) 3770 6593 8738 54 
H(36N) 3566 8156 7322 50 
H(37N) 2215 7143 6328 46 
H(38N) 4368 7435 5078 46 
H(39N) 3286 8746 3542 50 
H(40N) 6062 7434 2707 63 
H(1A) 2453 -1190 10348 151 
H(1B) 1441 -442 10339 151 
H(2A) 1272 -506 9470 158 
H(2B) 2013 -1394 9570 158 
H(3) 3294 -1142 9223 119 
H(5A) 1830 463 7643 61 
H(5B) 2783 -296 7533 61 
H(7) 3494 1785 6936 55 
H(8C) 4473 859 6345 61 
H(8D) 4232 1721 6052 61 
H(10) 1114 3779 6401 53 
H(11A) 1689 4235 7083 77 
H(11B) 1483 4901 6576 77 
H(11C) 2576 4316 6676 77 
H(13A) 1559 4719 4728 74 
H(14A) -516 5176 4913 92 
H(14B) 17 5234 4308 92 
H(16) -551 3893 5319 155 
H(17) -249 2600 5231 190 
H(18) 707 2044 4421 164 
H(19) 1526 2708 3804 141 
H(20) 1197 4038 3942 123 
H(22C) 1493 7048 4518 83 
H(23C) 138 7396 3679 100 
H(23D) 1294 6979 3569 100 
H(24A) 340 8545 3892 128 
H(24B) 1501 8129 3807 128 
H(27A) -1073 8784 5190 80 
H(27B) -258 9005 5434 80 
H(29) -1112 7357 6780 61 
H(30A) -1103 6391 6223 55 
H(30B) 60 5992 6211 55 
H(31A) -1162 6010 7206 51 
H(31B) -5 5549 7152 51 
H(34) 1074 7063 7914 66 
H(35A) -246 7222 8611 91 
H(35B) -221 6364 8561 91 
H(37) 2992 4663 7996 47 
H(38A) 3630 4970 7156 49 
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H(38B) 4541 4571 7538 49 
H(40) 5094 4420 9217 57 
H(41A) 3842 4330 9833 71 
H(41B) 3929 3515 9629 71 
H(44) 7320 2664 8418 76 
H(45A) 8944 2468 8582 113 
H(46A) 7553 3941 8429 192 
H(46B) 8356 3437 7990 192 
H(46C) 8671 3845 8443 192 
H(47A) 9164 3247 9258 204 
H(47B) 8979 2472 9508 204 
H(47C) 8109 3303 9529 204 
H(49) 8058 666 9829 99 
H(50A) 7802 1316 10666 103 
H(50B) 6648 1552 10663 103 
H(51A) 7187 521 11346 109 
H(51B) 6876 185 10847 109 
H(54) 5147 416 9820 79 
H(55A) 3895 1961 10105 78 
H(55B) 3541 1241 10163 78 
H(57) 4598 49 10798 101 
H(58) 4989 -267 11727 113 
H(59) 5217 641 12212 125 
H(60) 4903 1890 11843 110 
H(61) 4469 2227 10898 101 
H(63) 3843 1709 8205 65 
H(64A) 2819 3075 8801 103 
H(64B) 2602 3102 8164 103 
H(66) 2254 2380 9509 123 
H(67) 1222 1704 9833 137 
H(69) 664 1623 8240 143 
H(70) 1695 2299 7916 148 
H(72A) 5239 996 7800 57 
H(72B) 6087 1069 8132 57 
H(73A) 6078 1006 6960 68 
H(73B) 6986 585 7349 68 
H(74A) 6934 1829 6763 67 
H(74B) 7228 1732 7398 67 
H(75) 5902 2895 7446 50 
H(77) 4188 3717 5990 49 
H(78A) 4816 4333 5228 51 
H(78B) 5875 3983 5469 51 
H(80) 4998 1669 5116 53 
H(81A) 3991 1812 4390 66 
H(81B) 3525 2731 4437 66 
H(83A) 5749 660 4553 65 
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H(83B) 6509 779 4929 65 
H(84A) 6916 83 3911 90 
H(84B) 7554 -184 4453 90 
H(85A) 8154 843 4252 87 
H(85B) 8141 610 3632 87 
H(86) 7143 2032 3898 73 
H(88A) 6809 1591 2182 77 
H(88B) 7665 1923 2054 77 
H(90) 4945 4063 1910 65 
H(91A) 4463 4048 3089 69 
H(91B) 3732 4593 2638 69 
H(92) 4407 2933 2724 96 
H(93A) 3348 3541 3510 119 
H(93B) 2918 3039 3195 119 
H(93C) 2504 3970 3088 119 
H(94A) 3133 4089 1974 170 
H(94B) 2958 3287 2131 170 
H(94C) 3973 3281 1827 170 
H(96A) 6266 5775 2125 60 
H(96B) 7310 5194 2319 60 
H(98) 5400 6178 3857 53 
H(99A) 4788 5466 4596 52 
H(99B) 5356 4679 4301 52 
H(100) 4364 5190 3519 62 
H(10A) 3323 5110 4583 100 
H(10B) 3892 4391 4217 100 
H(10C) 2913 5063 4006 100 
H(10D) 2970 6365 3583 87 
H(10E) 3972 6515 3537 87 
H(10F) 3374 6522 4127 87 
H(104) 7558 5533 5098 47 
H(105) 8126 6353 4472 54 
H(10G) 6636 7661 4906 74 
H(10H) 6729 7423 4282 74 
H(10I) 7533 7697 4489 74 
H(108) 5481 6382 6468 43 
H(10J) 7081 5231 7021 52 
H(10K) 6256 5046 6753 52 
H(111) 6694 7955 7018 42 
H(112) 5173 9044 6334 53 
H(11D) 5685 9681 6960 72 
H(11E) 6036 9895 6335 72 
H(11F) 6798 9265 6739 72 
H(11G) 7215 8262 6020 69 
H(11H) 6346 8086 5793 69 
H(11I) 5763 9365 5353 117 
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H(11J) 6846 8874 5121 117 
H(11K) 6675 9504 5558 117 
H(11L) 4628 8854 8473 52 
H(11M) 4881 9598 8202 52 
H(11R) 5702 9346 9006 75 
H(11O) 5931 8421 9035 75 
H(11P) 7413 8485 8651 69 
H(11Q) 6881 9288 8281 69 
H(120) 7152 8464 7592 52 
H(12D) 7581 5967 8104 49 
H(12E) 6649 5988 8509 49 
H(124) 8694 5791 9763 61 
H(12F) 8820 6863 10165 61 
H(12G) 8839 6980 9498 61 
H(12H) 6412 5657 11217 73 
H(12I) 7522 5056 11270 73 
H(12J) 5952 4784 10877 82 
H(12K) 6799 4190 11257 82 
H(13B) 6939 3958 10248 70 
H(13C) 7919 3920 10509 70 
H(131) 7813 4893 9789 55 
H(133) 4543 5789 9473 55 
H(13D) 3942 7071 10157 65 
H(13E) 3212 6882 9807 65 
H(13F) 4635 7260 7976 50 
H(13G) 4002 7957 8352 50 
H(139) 2091 7638 7163 54 
H(140) 2081 9175 6807 61 
H(14C) 667 8530 6628 94 
H(14D) 1330 8805 6149 94 
H(14E) 496 9436 6502 94 
H(143) 3979 6741 5749 46 
H(14F) 3304 6142 5164 46 
H(14G) 2275 6482 5511 46 
H(146) 3032 8684 4479 49 
H(14H) 3832 9103 5119 59 
H(14I) 4874 8596 4844 59 
H(149) 2767 10260 4569 64 
H(150) 2686 11331 3956 79 
H(152) 5494 10213 3407 76 
H(153) 5568 9134 4047 63 
H(155) 4661 7500 3063 52 
H(15D) 3058 7999 2712 69 
H(15E) 3126 8840 2549 69 
H(158) 4022 9045 1663 69 
H(159) 4870 8596 831 69 
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H(161) 4814 6454 1326 59 
H(162) 4012 6905 2179 56 
H(164) 6349 8736 2154 73 
H(16A) 8073 8031 2272 103 
H(16B) 7718 7530 2768 103 
H(166) 6775 8761 3189 94 
H(16C) 6997 9894 2879 163 
H(16D) 6906 9563 2314 163 
H(16E) 7957 9468 2497 163 
H(16F) 8813 8185 3127 156 
H(16G) 8090 7993 3609 156 
H(16H) 8179 8833 3538 156 
 
  
182 
 
Table 18.  Torsion angles [°] for asteropsin A. 
C(8)-S(1)-S(4)-C(81) 93.9(4) 
C(38)-S(2)-S(5)-C(109) 100.5(3) 
C(78)-S(3)-S(6)-C(144) -105.2(3) 
C(170)-C(1)-C(2)-C(3) 20(2) 
C(170)-N(1)-C(3)-C(2) 19(3) 
C(170)-N(1)-C(3)-C(4) 150(2) 
C(1)-C(2)-C(3)-N(1) -26(2) 
C(1)-C(2)-C(3)-C(4) -159.7(14) 
C(5)-N(2)-C(4)-O(1) -3.3(12) 
C(5)-N(2)-C(4)-C(3) 175.5(9) 
N(1)-C(3)-C(4)-O(1) -168.9(12) 
C(2)-C(3)-C(4)-O(1) -40.0(16) 
N(1)-C(3)-C(4)-N(2) 12.2(17) 
C(2)-C(3)-C(4)-N(2) 141.1(12) 
C(4)-N(2)-C(5)-C(6) -165.0(7) 
C(7)-N(3)-C(6)-O(2) -3.4(11) 
C(7)-N(3)-C(6)-C(5) 175.3(6) 
N(2)-C(5)-C(6)-O(2) 18.7(9) 
N(2)-C(5)-C(6)-N(3) -160.1(6) 
C(6)-N(3)-C(7)-C(8) 100.3(8) 
C(6)-N(3)-C(7)-C(9) -131.6(7) 
N(3)-C(7)-C(8)-S(1) 64.7(8) 
C(9)-C(7)-C(8)-S(1) -60.4(7) 
S(4)-S(1)-C(8)-C(7) 76.8(6) 
C(10)-N(4)-C(9)-O(3) 4.2(12) 
C(10)-N(4)-C(9)-C(7) -173.4(6) 
N(3)-C(7)-C(9)-O(3) -26.2(9) 
C(8)-C(7)-C(9)-O(3) 102.3(8) 
N(3)-C(7)-C(9)-N(4) 151.4(6) 
C(8)-C(7)-C(9)-N(4) -80.0(8) 
C(9)-N(4)-C(10)-C(11) 138.0(7) 
C(9)-N(4)-C(10)-C(12) -101.2(8) 
C(13)-N(5)-C(12)-O(4) 2.0(11) 
C(13)-N(5)-C(12)-C(10) 178.5(7) 
N(4)-C(10)-C(12)-O(4) -32.4(9) 
C(11)-C(10)-C(12)-O(4) 89.0(8) 
N(4)-C(10)-C(12)-N(5) 151.2(6) 
C(11)-C(10)-C(12)-N(5) -87.5(7) 
C(12)-N(5)-C(13)-C(21) -100.5(8) 
C(12)-N(5)-C(13)-C(14) 132.4(7) 
N(5)-C(13)-C(14)-C(15) -63.0(11) 
C(21)-C(13)-C(14)-C(15) 171.6(9) 
C(13)-C(14)-C(15)-C(20) -77.4(12) 
C(13)-C(14)-C(15)-C(16) 96.7(11) 
C(20)-C(15)-C(16)-C(17) -4.0(13) 
C(14)-C(15)-C(16)-C(17) -178.0(10) 
C(15)-C(16)-C(17)-C(18) -0.8(15) 
C(16)-C(17)-C(18)-C(19) 5(2) 
C(17)-C(18)-C(19)-C(20) -5(2) 
C(16)-C(15)-C(20)-C(19) 4.7(16) 
C(14)-C(15)-C(20)-C(19) 179.1(10) 
C(18)-C(19)-C(20)-C(15) -0.6(19) 
C(22)-N(6)-C(21)-O(5) 1.1(11) 
C(22)-N(6)-C(21)-C(13) -177.0(6) 
N(5)-C(13)-C(21)-O(5) 0.6(10) 
C(14)-C(13)-C(21)-O(5) 125.1(8) 
N(5)-C(13)-C(21)-N(6) 178.7(6) 
C(14)-C(13)-C(21)-N(6) -56.9(10) 
C(21)-N(6)-C(22)-C(23) -178.6(7) 
C(21)-N(6)-C(22)-C(26) -56.9(9) 
N(6)-C(22)-C(23)-C(24) -174.5(9) 
C(26)-C(22)-C(23)-C(24) 65.5(11) 
C(22)-C(23)-C(24)-C(25) 177.8(11) 
C(23)-C(24)-C(25)-O(7) -172.9(16) 
C(23)-C(24)-C(25)-O(6) -5(2) 
C(27)-N(7)-C(26)-O(8) 2.3(13) 
C(27)-N(7)-C(26)-C(22) 176.0(8) 
C(23)-C(22)-C(26)-O(8) 69.0(11) 
N(6)-C(22)-C(26)-O(8) -49.3(11) 
C(23)-C(22)-C(26)-N(7) -104.8(9) 
N(6)-C(22)-C(26)-N(7) 136.9(7) 
C(26)-N(7)-C(27)-C(28) 83.9(10) 
C(29)-N(8)-C(28)-O(9) -4.1(12) 
C(29)-N(8)-C(28)-C(27) -178.9(6) 
N(7)-C(27)-C(28)-O(9) 174.8(7) 
N(7)-C(27)-C(28)-N(8) -10.2(10) 
C(28)-N(8)-C(29)-C(33) -94.3(8) 
C(28)-N(8)-C(29)-C(30) 143.8(6) 
N(8)-C(29)-C(30)-C(31) 174.7(5) 
C(33)-C(29)-C(30)-C(31) 54.0(8) 
C(29)-C(30)-C(31)-C(32) 174.0(5) 
C(30)-C(31)-C(32)-O(10) -8.0(9) 
C(30)-C(31)-C(32)-O(11) 175.7(6) 
C(34)-N(9)-C(33)-O(12) -3.7(10) 
C(34)-N(9)-C(33)-C(29) 173.6(6) 
N(8)-C(29)-C(33)-O(12) -32.7(10) 
C(30)-C(29)-C(33)-O(12) 85.5(8) 
N(8)-C(29)-C(33)-N(9) 150.0(6) 
C(30)-C(29)-C(33)-N(9) -91.7(7) 
C(33)-N(9)-C(34)-C(36) -58.7(9) 
C(33)-N(9)-C(34)-C(35) -178.8(7) 
N(9)-C(34)-C(35)-O(13) 172.2(8) 
C(36)-C(34)-C(35)-O(13) 49.1(10) 
C(37)-N(10)-C(36)-O(14) -3.6(12) 
C(37)-N(10)-C(36)-C(34) 174.8(7) 
N(9)-C(34)-C(36)-O(14) -45.1(10) 
C(35)-C(34)-C(36)-O(14) 76.4(9) 
N(9)-C(34)-C(36)-N(10) 136.4(7) 
C(35)-C(34)-C(36)-N(10) -102.1(8) 
C(36)-N(10)-C(37)-C(38) 109.8(7) 
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C(36)-N(10)-C(37)-C(39) -122.2(7) 
N(10)-C(37)-C(38)-S(2) 50.8(6) 
C(39)-C(37)-C(38)-S(2) -75.4(6) 
S(5)-S(2)-C(38)-C(37) 103.2(4) 
C(40)-N(11)-C(39)-O(15) -4.5(10) 
C(40)-N(11)-C(39)-C(37) 173.0(6) 
N(10)-C(37)-C(39)-O(15) -26.1(8) 
C(38)-C(37)-C(39)-O(15) 101.0(7) 
N(10)-C(37)-C(39)-N(11) 156.2(5) 
C(38)-C(37)-C(39)-N(11) -76.7(7) 
C(39)-N(11)-C(40)-C(43) -144.9(6) 
C(39)-N(11)-C(40)-C(41) 91.1(8) 
N(11)-C(40)-C(41)-C(42) 166.1(6) 
C(43)-C(40)-C(41)-C(42) 47.1(9) 
C(40)-C(41)-C(42)-O(16) -70.3(10) 
C(40)-C(41)-C(42)-N(12) 114.1(9) 
C(44)-N(13)-C(43)-O(17) 8.0(12) 
C(44)-N(13)-C(43)-C(40) -170.6(7) 
N(11)-C(40)-C(43)-O(17) -50.4(9) 
C(41)-C(40)-C(43)-O(17) 72.5(9) 
N(11)-C(40)-C(43)-N(13) 128.3(7) 
C(41)-C(40)-C(43)-N(13) -108.9(8) 
C(43)-N(13)-C(44)-C(45) 164.2(9) 
C(43)-N(13)-C(44)-C(48) -69.4(11) 
N(13)-C(44)-C(45)-C(46) -63.2(13) 
C(48)-C(44)-C(45)-C(46) 168.7(10) 
N(13)-C(44)-C(45)-C(47) 62.3(14) 
C(48)-C(44)-C(45)-C(47) -65.8(12) 
C(49)-N(14)-C(48)-O(18) -0.1(18) 
C(49)-N(14)-C(48)-C(44) 173.8(9) 
N(13)-C(44)-C(48)-O(18) 155.4(11) 
C(45)-C(44)-C(48)-O(18) -76.9(14) 
N(13)-C(44)-C(48)-N(14) -18.6(13) 
C(45)-C(44)-C(48)-N(14) 109.1(11) 
C(48)-N(14)-C(49)-C(53) -83.0(12) 
C(48)-N(14)-C(49)-C(50) 155.3(9) 
N(14)-C(49)-C(50)-C(51) 179.4(9) 
C(53)-C(49)-C(50)-C(51) 55.3(12) 
C(49)-C(50)-C(51)-C(52) 67.1(14) 
C(50)-C(51)-C(52)-O(19) 28(2) 
C(50)-C(51)-C(52)-N(15) -148.8(12) 
C(54)-N(16)-C(53)-O(20) 8.7(15) 
C(54)-N(16)-C(53)-C(49) -165.7(9) 
N(14)-C(49)-C(53)-O(20) 143.4(10) 
C(50)-C(49)-C(53)-O(20) -95.9(12) 
N(14)-C(49)-C(53)-N(16) -42.1(13) 
C(50)-C(49)-C(53)-N(16) 78.6(11) 
C(53)-N(16)-C(54)-C(62) -110.7(10) 
C(53)-N(16)-C(54)-C(55) 127.0(9) 
N(16)-C(54)-C(55)-C(56) -61.3(9) 
C(62)-C(54)-C(55)-C(56) 172.5(7) 
C(54)-C(55)-C(56)-C(61) 109.2(11) 
C(54)-C(55)-C(56)-C(57) -66.7(12) 
C(61)-C(56)-C(57)-C(58) 5.9(17) 
C(55)-C(56)-C(57)-C(58) -178.1(10) 
C(56)-C(57)-C(58)-C(59) -4.8(19) 
C(57)-C(58)-C(59)-C(60) 3(2) 
C(58)-C(59)-C(60)-C(61) -2(2) 
C(57)-C(56)-C(61)-C(60) -5.2(17) 
C(55)-C(56)-C(61)-C(60) 178.9(10) 
C(59)-C(60)-C(61)-C(56) 3.3(18) 
C(63)-N(17)-C(62)-O(21) 3.0(14) 
C(63)-N(17)-C(62)-C(54) -171.1(8) 
N(16)-C(54)-C(62)-O(21) 150.4(8) 
C(55)-C(54)-C(62)-O(21) -87.1(9) 
N(16)-C(54)-C(62)-N(17) -35.1(11) 
C(55)-C(54)-C(62)-N(17) 87.5(9) 
C(62)-N(17)-C(63)-C(71) -145.8(8) 
C(62)-N(17)-C(63)-C(64) 92.4(9) 
N(17)-C(63)-C(64)-C(65) -82.6(11) 
C(71)-C(63)-C(64)-C(65) 154.2(9) 
C(63)-C(64)-C(65)-C(66) 89.4(10) 
C(63)-C(64)-C(65)-C(70) -83.9(11) 
C(70)-C(65)-C(66)-C(67) 0 
C(64)-C(65)-C(66)-C(67) -173.5(7) 
C(65)-C(66)-C(67)-C(68) 0 
C(66)-C(67)-C(68)-C(69) 0 
C(66)-C(67)-C(68)-O(22) 177.1(9) 
C(67)-C(68)-C(69)-C(70) 0 
O(22)-C(68)-C(69)-C(70) -177.0(9) 
C(68)-C(69)-C(70)-C(65) 0 
C(66)-C(65)-C(70)-C(69) 0 
C(64)-C(65)-C(70)-C(69) 173.1(8) 
C(72)-N(18)-C(71)-O(23) -178.7(7) 
C(75)-N(18)-C(71)-O(23) -4.4(9) 
C(72)-N(18)-C(71)-C(63) 1.4(10) 
C(75)-N(18)-C(71)-C(63) 175.7(6) 
N(17)-C(63)-C(71)-O(23) -110.1(8) 
C(64)-C(63)-C(71)-O(23) 15.1(10) 
N(17)-C(63)-C(71)-N(18) 69.7(8) 
C(64)-C(63)-C(71)-N(18) -165.1(7) 
C(71)-N(18)-C(72)-C(73) 160.6(7) 
C(75)-N(18)-C(72)-C(73) -13.9(8) 
N(18)-C(72)-C(73)-C(74) 31.8(8) 
C(72)-C(73)-C(74)-C(75) -38.1(8) 
C(71)-N(18)-C(75)-C(76) -67.7(7) 
C(72)-N(18)-C(75)-C(76) 107.6(6) 
C(71)-N(18)-C(75)-C(74) 175.4(6) 
C(72)-N(18)-C(75)-C(74) -9.3(7) 
C(73)-C(74)-C(75)-N(18) 28.8(8) 
C(73)-C(74)-C(75)-C(76) -87.4(7) 
C(77)-N(19)-C(76)-O(24) -7.9(9) 
C(77)-N(19)-C(76)-C(75) 171.8(5) 
N(18)-C(75)-C(76)-O(24) -16.4(8) 
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C(74)-C(75)-C(76)-O(24) 94.4(7) 
N(18)-C(75)-C(76)-N(19) 163.9(5) 
C(74)-C(75)-C(76)-N(19) -85.3(7) 
C(76)-N(19)-C(77)-C(78) 173.7(6) 
C(76)-N(19)-C(77)-C(79) -64.1(7) 
N(19)-C(77)-C(78)-S(3) -56.5(6) 
C(79)-C(77)-C(78)-S(3) -180.0(4) 
S(6)-S(3)-C(78)-C(77) -66.0(5) 
C(80)-N(20)-C(79)-O(25) -0.8(10) 
C(80)-N(20)-C(79)-C(77) 177.5(6) 
N(19)-C(77)-C(79)-O(25) -40.0(8) 
C(78)-C(77)-C(79)-O(25) 83.5(8) 
N(19)-C(77)-C(79)-N(20) 141.6(6) 
C(78)-C(77)-C(79)-N(20) -94.8(7) 
C(79)-N(20)-C(80)-C(81) 175.7(6) 
C(79)-N(20)-C(80)-C(82) -64.2(8) 
N(20)-C(80)-C(81)-S(4) -61.6(8) 
C(82)-C(80)-C(81)-S(4) 177.0(5) 
S(1)-S(4)-C(81)-C(80) -56.3(6) 
C(83)-N(21)-C(82)-O(26) 174.6(7) 
C(86)-N(21)-C(82)-O(26) 6.8(11) 
C(83)-N(21)-C(82)-C(80) -6.7(10) 
C(86)-N(21)-C(82)-C(80) -174.6(7) 
N(20)-C(80)-C(82)-O(26) -41.6(9) 
C(81)-C(80)-C(82)-O(26) 80.7(8) 
N(20)-C(80)-C(82)-N(21) 139.7(6) 
C(81)-C(80)-C(82)-N(21) -98.0(7) 
C(82)-N(21)-C(83)-C(84) 179.4(7) 
C(86)-N(21)-C(83)-C(84) -11.9(9) 
N(21)-C(83)-C(84)-C(85) 30.5(9) 
C(83)-C(84)-C(85)-C(86) -38.2(9) 
C(82)-N(21)-C(86)-C(87) -81.8(8) 
C(83)-N(21)-C(86)-C(87) 108.6(7) 
C(82)-N(21)-C(86)-C(85) 156.8(7) 
C(83)-N(21)-C(86)-C(85) -12.8(9) 
C(84)-C(85)-C(86)-N(21) 30.7(9) 
C(84)-C(85)-C(86)-C(87) -90.6(9) 
C(88)-N(22)-C(87)-O(27) -0.8(11) 
C(88)-N(22)-C(87)-C(86) 176.8(6) 
N(21)-C(86)-C(87)-O(27) -18.4(10) 
C(85)-C(86)-C(87)-O(27) 96.7(10) 
N(21)-C(86)-C(87)-N(22) 163.9(6) 
C(85)-C(86)-C(87)-N(22) -80.9(9) 
C(87)-N(22)-C(88)-C(89) 83.9(10) 
C(90)-N(23)-C(89)-O(28) 10.1(12) 
C(90)-N(23)-C(89)-C(88) -169.6(7) 
N(22)-C(88)-C(89)-O(28) -173.3(8) 
N(22)-C(88)-C(89)-N(23) 6.3(11) 
C(89)-N(23)-C(90)-C(95) -122.0(8) 
C(89)-N(23)-C(90)-C(91) 114.5(8) 
N(23)-C(90)-C(91)-C(92) -61.9(9) 
C(95)-C(90)-C(91)-C(92) 172.2(7) 
C(90)-C(91)-C(92)-C(93) 173.0(8) 
C(90)-C(91)-C(92)-C(94) -63.9(12) 
C(96)-N(24)-C(95)-O(29) 2.6(11) 
C(96)-N(24)-C(95)-C(90) -178.3(6) 
N(23)-C(90)-C(95)-O(29) -173.2(7) 
C(91)-C(90)-C(95)-O(29) -50.1(10) 
N(23)-C(90)-C(95)-N(24) 7.8(10) 
C(91)-C(90)-C(95)-N(24) 130.8(7) 
C(95)-N(24)-C(96)-C(97) 77.3(8) 
C(98)-N(25)-C(97)-O(30) 8.7(10) 
C(98)-N(25)-C(97)-C(96) -170.5(6) 
N(24)-C(96)-C(97)-O(30) -165.2(6) 
N(24)-C(96)-C(97)-N(25) 14.0(10) 
C(97)-N(25)-C(98)-C(103) -91.9(7) 
C(97)-N(25)-C(98)-C(99) 147.8(6) 
N(25)-C(98)-C(99)-C(100) -61.3(7) 
C(103)-C(98)-C(99)-C(100) 175.6(6) 
C(98)-C(99)-C(100)-C(102) -59.5(8) 
C(98)-C(99)-C(100)-C(101) 174.2(6) 
C(104)-N(26)-C(103)-O(31) -6.5(12) 
C(104)-N(26)-C(103)-C(98) 173.3(6) 
N(25)-C(98)-C(103)-O(31) -45.0(10) 
C(99)-C(98)-C(103)-O(31) 76.0(9) 
N(25)-C(98)-C(103)-N(26) 135.3(7) 
C(99)-C(98)-C(103)-N(26) -103.7(7) 
C(103)-N(26)-C(104)-C(107) -119.5(7) 
C(103)-N(26)-C(104)-C(105) 117.3(7) 
N(26)-C(104)-C(105)-O(32) 179.4(5) 
C(107)-C(104)-C(105)-O(32) 60.2(7) 
N(26)-C(104)-C(105)-C(106) 57.0(8) 
C(107)-C(104)-C(105)-C(106) -62.2(8) 
C(108)-N(27)-C(107)-O(33) 1.4(9) 
C(108)-N(27)-C(107)-C(104) -177.0(5) 
N(26)-C(104)-C(107)-O(33) -36.5(8) 
C(105)-C(104)-C(107)-O(33) 83.0(7) 
N(26)-C(104)-C(107)-N(27) 141.9(6) 
C(105)-C(104)-C(107)-N(27) -98.6(7) 
C(107)-N(27)-C(108)-C(109) 143.6(6) 
C(107)-N(27)-C(108)-C(110) -94.1(7) 
N(27)-C(108)-C(109)-S(5) -177.2(4) 
C(110)-C(108)-C(109)-S(5) 60.8(6) 
S(2)-S(5)-C(109)-C(108) 65.1(4) 
C(111)-N(28)-C(110)-O(34) 4.4(9) 
C(111)-N(28)-C(110)-C(108) -170.5(5) 
N(27)-C(108)-C(110)-O(34) -74.0(7) 
C(109)-C(108)-C(110)-O(34) 48.2(8) 
N(27)-C(108)-C(110)-N(28) 101.2(6) 
C(109)-C(108)-C(110)-N(28) -136.6(6) 
C(110)-N(28)-C(111)-C(116) -112.3(6) 
C(110)-N(28)-C(111)-C(112) 127.0(6) 
N(28)-C(111)-C(112)-C(113) 179.9(5) 
C(116)-C(111)-C(112)-C(113) 57.8(6) 
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N(28)-C(111)-C(112)-C(114) -58.4(7) 
C(116)-C(111)-C(112)-C(114) 179.5(5) 
C(113)-C(112)-C(114)-C(115) -58.3(9) 
C(111)-C(112)-C(114)-C(115) -179.0(7) 
C(120)-N(29)-C(116)-O(35) 178.4(6) 
C(117)-N(29)-C(116)-O(35) -10.1(9) 
C(120)-N(29)-C(116)-C(111) -2.5(9) 
C(117)-N(29)-C(116)-C(111) 169.1(5) 
N(28)-C(111)-C(116)-O(35) -54.5(7) 
C(112)-C(111)-C(116)-O(35) 68.8(7) 
N(28)-C(111)-C(116)-N(29) 126.4(6) 
C(112)-C(111)-C(116)-N(29) -110.3(6) 
C(116)-N(29)-C(117)-C(118) 174.5(6) 
C(120)-N(29)-C(117)-C(118) -13.1(7) 
N(29)-C(117)-C(118)-C(119) 31.0(7) 
C(117)-C(118)-C(119)-C(120) -38.5(8) 
C(116)-N(29)-C(120)-C(121) -79.3(8) 
C(117)-N(29)-C(120)-C(121) 108.7(6) 
C(116)-N(29)-C(120)-C(119) 161.5(6) 
C(117)-N(29)-C(120)-C(119) -10.5(7) 
C(118)-C(119)-C(120)-N(29) 30.3(7) 
C(118)-C(119)-C(120)-C(121) -91.2(7) 
C(122)-N(30)-C(121)-O(36) -3.3(10) 
C(122)-N(30)-C(121)-C(120) 177.6(6) 
N(29)-C(120)-C(121)-O(36) 161.6(6) 
C(119)-C(120)-C(121)-O(36) -85.3(8) 
N(29)-C(120)-C(121)-N(30) -19.3(9) 
C(119)-C(120)-C(121)-N(30) 93.8(7) 
C(121)-N(30)-C(122)-C(123) 71.6(8) 
C(124)-N(31)-C(123)-O(37) 8.2(11) 
C(124)-N(31)-C(123)-C(122) -172.2(6) 
N(30)-C(122)-C(123)-O(37) -141.8(6) 
N(30)-C(122)-C(123)-N(31) 38.6(9) 
C(123)-N(31)-C(124)-C(127) -121.7(7) 
C(123)-N(31)-C(124)-C(125) 110.5(7) 
N(31)-C(124)-C(125)-C(126) 58.1(8) 
C(127)-C(124)-C(125)-C(126) -72.3(8) 
C(124)-C(125)-C(126)-O(38) 5.9(11) 
C(124)-C(125)-C(126)-N(32) -173.6(7) 
C(131)-N(33)-C(127)-O(39) -167.1(7) 
C(128)-N(33)-C(127)-O(39) -6.4(10) 
C(131)-N(33)-C(127)-C(124) 8.5(10) 
C(128)-N(33)-C(127)-C(124) 169.2(7) 
N(31)-C(124)-C(127)-O(39) -139.1(7) 
C(125)-C(124)-C(127)-O(39) -12.1(10) 
N(31)-C(124)-C(127)-N(33) 45.4(9) 
C(125)-C(124)-C(127)-N(33) 172.5(6) 
C(127)-N(33)-C(128)-C(129) -171.1(7) 
C(131)-N(33)-C(128)-C(129) -7.6(9) 
N(33)-C(128)-C(129)-C(130) 30.3(9) 
C(128)-C(129)-C(130)-C(131) -40.6(9) 
C(127)-N(33)-C(131)-C(132) -97.0(8) 
C(128)-N(33)-C(131)-C(132) 100.8(7) 
C(127)-N(33)-C(131)-C(130) 145.6(7) 
C(128)-N(33)-C(131)-C(130) -16.6(8) 
C(129)-C(130)-C(131)-N(33) 34.2(8) 
C(129)-C(130)-C(131)-C(132) -86.1(8) 
C(133)-N(34)-C(132)-O(40) -1.4(11) 
C(133)-N(34)-C(132)-C(131) -176.9(6) 
N(33)-C(131)-C(132)-O(40) 175.6(6) 
C(130)-C(131)-C(132)-O(40) -71.5(8) 
N(33)-C(131)-C(132)-N(34) -8.6(9) 
C(130)-C(131)-C(132)-N(34) 104.3(7) 
C(132)-N(34)-C(133)-C(134) 151.6(7) 
C(132)-N(34)-C(133)-C(136) -89.4(8) 
N(34)-C(133)-C(134)-C(135) -63.5(9) 
C(136)-C(133)-C(134)-C(135) 175.1(7) 
C(133)-C(134)-C(135)-O(41) -6.4(15) 
C(133)-C(134)-C(135)-O(42) 172.1(7) 
C(137)-N(35)-C(136)-O(43) -0.4(10) 
C(137)-N(35)-C(136)-C(133) 178.2(6) 
N(34)-C(133)-C(136)-O(43) -28.3(9) 
C(134)-C(133)-C(136)-O(43) 92.8(7) 
N(34)-C(133)-C(136)-N(35) 153.1(6) 
C(134)-C(133)-C(136)-N(35) -85.9(7) 
C(136)-N(35)-C(137)-C(138) -163.5(6) 
C(139)-N(36)-C(138)-O(44) -7.7(10) 
C(139)-N(36)-C(138)-C(137) 168.7(6) 
N(35)-C(137)-C(138)-O(44) 10.1(9) 
N(35)-C(137)-C(138)-N(36) -166.3(6) 
C(138)-N(36)-C(139)-C(142) -126.3(6) 
C(138)-N(36)-C(139)-C(140) 109.3(7) 
N(36)-C(139)-C(140)-O(45) -58.6(7) 
C(142)-C(139)-C(140)-O(45) -178.7(5) 
N(36)-C(139)-C(140)-C(141) 179.5(7) 
C(142)-C(139)-C(140)-C(141) 59.4(8) 
C(143)-N(37)-C(142)-O(46) 0.4(9) 
C(143)-N(37)-C(142)-C(139) 179.7(6) 
N(36)-C(139)-C(142)-O(46) -40.1(8) 
C(140)-C(139)-C(142)-O(46) 81.8(7) 
N(36)-C(139)-C(142)-N(37) 140.7(6) 
C(140)-C(139)-C(142)-N(37) -97.4(7) 
C(142)-N(37)-C(143)-C(144) 163.4(5) 
C(142)-N(37)-C(143)-C(145) -76.1(7) 
N(37)-C(143)-C(144)-S(6) -65.6(6) 
C(145)-C(143)-C(144)-S(6) 173.3(4) 
S(3)-S(6)-C(144)-C(143) -66.7(5) 
C(146)-N(38)-C(145)-O(47) 4.7(11) 
C(146)-N(38)-C(145)-C(143) -174.6(6) 
N(37)-C(143)-C(145)-O(47) -58.4(9) 
C(144)-C(143)-C(145)-O(47) 63.6(9) 
N(37)-C(143)-C(145)-N(38) 120.9(6) 
C(144)-C(143)-C(145)-N(38) -117.1(6) 
C(145)-N(38)-C(146)-C(154) -118.7(7) 
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C(145)-N(38)-C(146)-C(147) 120.2(7) 
N(38)-C(146)-C(147)-C(148) -179.3(6) 
C(154)-C(146)-C(147)-C(148) 60.3(8) 
C(146)-C(147)-C(148)-C(149) 81.5(8) 
C(146)-C(147)-C(148)-C(153) -99.6(8) 
C(153)-C(148)-C(149)-C(150) 0.8(11) 
C(147)-C(148)-C(149)-C(150) 179.8(8) 
C(148)-C(149)-C(150)-C(151) -0.6(13) 
C(149)-C(150)-C(151)-O(48) -177.1(8) 
C(149)-C(150)-C(151)-C(152) 0.9(13) 
O(48)-C(151)-C(152)-C(153) 176.5(8) 
C(150)-C(151)-C(152)-C(153) -1.5(12) 
C(149)-C(148)-C(153)-C(152) -1.4(11) 
C(147)-C(148)-C(153)-C(152) 179.7(7) 
C(151)-C(152)-C(153)-C(148) 1.8(12) 
C(155)-N(39)-C(154)-O(49) -0.8(10) 
C(155)-N(39)-C(154)-C(146) -179.8(5) 
N(38)-C(146)-C(154)-O(49) -42.1(7) 
C(147)-C(146)-C(154)-O(49) 77.8(8) 
N(38)-C(146)-C(154)-N(39) 137.0(6) 
C(147)-C(146)-C(154)-N(39) -103.1(7) 
C(154)-N(39)-C(155)-C(163) -85.5(8) 
C(154)-N(39)-C(155)-C(156) 155.1(6) 
N(39)-C(155)-C(156)-C(157) 177.0(6) 
C(163)-C(155)-C(156)-C(157) 53.8(8) 
C(155)-C(156)-C(157)-C(158) -92.4(9) 
C(155)-C(156)-C(157)-C(162) 84.2(8) 
C(162)-C(157)-C(158)-C(159) -2.9(12) 
C(156)-C(157)-C(158)-C(159) 173.6(7) 
C(157)-C(158)-C(159)-C(160) 1.2(13) 
C(158)-C(159)-C(160)-O(50) -178.8(7) 
C(158)-C(159)-C(160)-C(161) 1.9(12) 
C(159)-C(160)-C(161)-C(162) -3.2(11) 
O(50)-C(160)-C(161)-C(162) 177.5(6) 
C(160)-C(161)-C(162)-C(157) 1.5(11) 
C(158)-C(157)-C(162)-C(161) 1.6(10) 
C(156)-C(157)-C(162)-C(161) -175.2(7) 
C(164)-N(40)-C(163)-O(51) -10.0(11) 
C(164)-N(40)-C(163)-C(155) 167.9(6) 
N(39)-C(155)-C(163)-O(51) -52.3(8) 
C(156)-C(155)-C(163)-O(51) 68.2(8) 
N(39)-C(155)-C(163)-N(40) 129.6(6) 
C(156)-C(155)-C(163)-N(40) -109.8(6) 
C(163)-N(40)-C(164)-C(165) 112.4(9) 
C(163)-N(40)-C(164)-C(169) -118.6(8) 
N(40)-C(164)-C(165)-C(166) -77.9(11) 
C(169)-C(164)-C(165)-C(166) 154.4(9) 
C(164)-C(165)-C(166)-C(168) 164.1(10) 
C(164)-C(165)-C(166)-C(167) -69.5(12) 
N(40)-C(164)-C(169)-O(53) -37.9(11) 
C(165)-C(164)-C(169)-O(53) 90.8(10) 
N(40)-C(164)-C(169)-O(52) 147.3(8) 
C(165)-C(164)-C(169)-O(52) -84.1(12) 
C(3)-N(1)-C(170)-O(54) -178(3) 
C(3)-N(1)-C(170)-C(1) -5(3) 
C(2)-C(1)-C(170)-O(54) 163(3) 
C(2)-C(1)-C(170)-N(1) -11(3) 
 
Table 19.  Hydrogen bonds for asteropsin A [Å and °].  Acceptor color key: 
Blue=water; Green=methanol; Red= intramolecular; Black=symmetry mate. 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
O(6)-H(6)...O(108) 0.84 1.74 2.54(3) 157 
O(11)-H(11)...O(104) 0.84 1.76 2.588(8) 167.4 
O(13)-H(13)...O(105) 0.84 1.87 2.677(12) 162 
O(22)-H(22)...O(18)#1 0.85 2.43 3.28(2) 179.2 
O(32)-H(32)...O(8)#2 0.84 2.05 2.839(7) 157.3 
O(42)-H(42)...O(211) 0.84 1.79 2.582(10) 157.5 
O(45)-H(45)...O(202)#1 0.84 1.94 2.731(10) 155.7 
O(48)-H(48)...O(27)#3 0.84 1.92 2.755(10) 175.6 
O(50)-H(50)...O(38)#4 0.84 1.92 2.684(8) 150.3 
O(53)-H(53)...O(39)#4 0.84 1.87 2.674(7) 160.2 
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N(1)-H(1N)...O(21) 0.88 1.91 2.771(12) 164.5 
N(3)-H(3N)...O(203) 0.88 2.01 2.890(12) 175.7 
N(4)-H(4N)...O(24) 0.88 2.02 2.867(7) 160.6 
N(5)-H(5N)...O(10) 0.88 2.31 3.195(8) 178.3 
N(6)-H(6N)...O(109) 0.88 2.02 2.89(2) 171.6 
N(7)-H(7N)...O(47) 0.88 1.92 2.800(7) 175.7 
N(8)-H(8N)...O(5) 0.88 2.22 3.039(10) 155.4 
N(9)-H(9N)...O(36)#1 0.88 1.95 2.813(7) 166 
N(10)-H(10N)...O(44) 0.88 2.02 2.894(7) 170.9 
N(11)-H(11N)...O(23) 0.88 2.02 2.876(7) 164.8 
N(12)-H(12A)...O(28)#5 0.88 2.08 2.960(9) 176.1 
N(12)-H(12B)...O(41) 0.88 2.02 2.867(11) 161.6 
N(13)-H(13N)...O(40) 0.88 2.25 3.040(8) 149.2 
N(14)-H(14N)...O(16) 0.88 2.12 2.793(10) 132.4 
N(15)-H(15B)...O(52)#6 0.88 2.11 2.914(13) 152.1 
N(16)-H(16N)...O(16) 0.88 2.11 2.901(9) 148.9 
N(17)-H(17N)...O(17) 0.88 2.06 2.847(8) 148.7 
N(19)-H(19N)...O(209) 0.88 2.01 2.846(8) 158.3 
N(20)-H(20N)...O(4) 0.88 1.94 2.822(7) 174.8 
N(22)-H(22N)...O(107) 0.88 1.96 2.824(16) 169.3 
N(23)-H(23N)...O(101) 0.88 2.03 2.838(8) 151.3 
N(24)-H(24N)...O(106) 0.88 2.07 2.881(10) 153.1 
N(25)-H(25N)...O(101) 0.88 2.09 2.957(8) 168.7 
N(26)-H(26N)...O(49) 0.88 2.05 2.919(7) 166.9 
N(27)-H(27N)...O(10)#2 0.88 2.5 3.335(7) 158.6 
N(28)-H(28N)...O(46) 0.88 2.18 3.062(6) 176.1 
N(30)-H(30N)...O(43) 0.88 2.14 2.783(7) 129.8 
N(31)-H(31N)...O(38) 0.88 2.39 2.876(7) 115.3 
N(31)-H(31N)...O(43) 0.88 2.46 3.250(7) 149 
N(32)-H(32A)...O(20)#3 0.88 2.12 2.940(9) 154.4 
N(32)-H(32B)...O(201) 0.88 2.49 3.253(13) 144.8 
N(34)-H(34N)...O(50)#5 0.88 2.06 2.864(8) 151.2 
N(35)-H(35N)...O(15) 0.88 2.04 2.846(7) 151.4 
N(36)-H(36N)...O(35) 0.88 2.04 2.873(7) 158.2 
N(37)-H(37N)...O(12) 0.88 2.07 2.934(7) 165.5 
N(38)-H(38N)...O(33) 0.88 2.05 2.906(7) 165.2 
N(39)-H(39N)...O(103) 0.88 2.08 2.955(8) 177.6 
N(40)-H(40N)...O(30) 0.88 1.98 2.853(8) 175.2 
Symmetry transformations used  to generate equivalent atoms:  
#1 x-1,y,z    #2 x+1,y,z    #3 x,y+1,z    #4 x,y,z-1  
#5 x,y,z+1    #6 x,y-1,z+1  
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Table 20.  1H and 13C NMR chemical shift values for asteropsin A by residue. 1H (600 
MHz) and 13C (150 MHz) acquired at 298K in CD3OH. 
Position 
C
a H 
Pyroglutamate (PCA01) 
H 
C
α
 
C
β
 
C
γ
 
L-Glycine (G02) 
H 
C
α
 
L-Cysteine (C03) 
H 
C
α
 
C
β
 
L-Alanine (A04) 
H 
C
α
 
C
β
 
L-Phenylalanine(F05) 
H 
C
α
 
C
β
 
L-Glutamic Acid  (E06) 
H 
C
α
 
C
β
 
C
γ
 
L-Glycine (G07) 
H 
C
α
 
L-Glutamic Acid  (E08) 
H 
C
α
 
C
β
 
C
γ
 
L-Serine (S09) 
H 
C
α
 
C
β
 
L-Cystine (C10) 
H 
C
α
 
C
β
 
L-Aspargine (N11) 
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H 
C
α
 
C
β
 
N
δ
 
L-Valine (V12) 
H 
C
α
 
C
β
 
C
γ1
 
C
γ2
 
L-Glutamine (Q13) 
H 
C
α
 
C
β
 
C
γ
 
N
ε
 
L-Phenylalanine (F14) 
H 
C
α
 
C
β
 
L-Tyrosine (Y15) 
H 
C
α
 
C
β
 
C
δ
 
C
ε
 
L-Proline (P16) 
C
α
 
C
β
 
C
γ
 
C
δ
 
L-Cysteine (C17) 
H 
C
α
 
C
β
 
L-Cysteine (C18) 
H 
C
α
 
C
β
 
L-Proline (P19) 
C
α
 
C
β
 
C
γ
 
C
δ
 
L-Glycine (G20) 
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H 
C
α
 
L-Leucine (L21) 
H 
C
α
 
C
β
 
C
γ
 
C
δ
 
L-Glycine (G22) 
H 
C
α
 
L-Leucine (L23) 
H 
C
α
 
C
β
 
C
γ
 
C
δ1
 
C
δ2
 
L-Threonine (T24) 
H 
C
α
 
C
β
 
C
γ
 
L-Cysteine (C25) 
H 
C
α
 
C
β
 
L-Isoleucine (I26) 
H 
C
α
 
C
β
 
C
γ1
 
C
γ2
 
C
δ
 
L-Proline (P27) 
C
α
 
C
β
 
C
γ
 
C
δ
 
L-Glycine (G28) 
H 
C
α
 
L-Aspargine (N29) 
H 
C
α
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C
β
 
N
δ
 
L-Proline (P30) 
C
α
 
C
β
 
C
γ
 
C
δ
 
L-Aspartic Acid  (D31) 
H 
C
α
 
C
β
 
L-Glycine (G32) 
H 
C
α
 
L-Threonine (T33) 
H 
C
α
 
C
β
 
C
γ
 
L-Cysteine (C34) 
H 
C
α
 
C
β
 
L-Tyrosine (Y35) 
H 
C
α
 
C
β
 
C
δ
 
C
ε
 
L-Tyrosine (Y36) 
H 
C
α
 
C
β
 
C
δ
 
C
ε
 
L-Leucine (L37) 
H 
C
α
 
C
β
 
C
γ
 
C
δ
 
a 
Values determined indirectly from 
1
H-
13
C HSQC 
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Table 21.  Summary of TM align results sorted by TM-score. 
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